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About this Catalog

We are pleased to provide you with this catalog containing complete, updated

descriptions of all courses, workshops, and seminars currently offered by the

State-of-t he-Art Program. The catalog is intended to sen/e as your personal guide

to the program for the forthcoming 1979-80 academic year. During the year, bul-

letins issued by the Program will list course scheduling and tuition information.

New courses now being developed will also be introduced.

About our Program

The proliferation of new knowledge has made it increasingly difficult for profes-

sionals to keep pace with advances in today's fast-moving technology. The

State-of-the-Art Program is designed to help practitioners stay abreast of the latest

developments in their field by supplementing their on-the-job learning with more

formalized course work.

The courses present relevant information in a ready-to-use form. They are

designed for adults and take into consideration the individual differences among
participants. Class size is intentionally limited to allow for flexibility of presenta-

tion and ample discussion of course content.

About your Participation

We have observed that students enhance the value of course participation by

taking the following preparatory steps:

1. Use the time before the course begins to sharpen requisite skills.

2. Formulate specific educational goals and prepare to discuss learning objec-

tives with the course instructor.

3. Prepare and gain acceptance of plans for introducing and applying new, job-

related knowledge and techniques.

We extend our greetings to the many friends of the State-of-the-Art Program. We
also wish to welcome new participants with the hope that you will find the educa-

tional experiences we offer beneficial to your continuing professional develop-

ment.

William L. Kierstead

Director, State-of-the-Art Program
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Continuing Education

and the Professional

To achieve and maintain preeminence, professionals must be alert to the latest

accomplishments in their fields, ideas or theories accepted and rejected, specula-

tive developments in progress, and new knowledge emanating from research that

affects their work.

Resourceful practitioners help themselves stay abreast of technological ad-

vances through personal contribution to those advances; diligence in the review

of scientific and technical literature; and by attendance at, or participation in,

professional society seminars and symposia. However, it is becoming increasingly

difficult for professional people to acquire perspective and depth in their own
fields, or in numerous peripheral areas, without formal, continuing study. Recog-

nition of this fact is now basic to continued professional growth and noteworthy

contribution.

Through the Center for Continuing Education, Northeastern University pro-

vides a neutral ground where student talent can be assembled from diverse or-

ganizations with common interests in given technological areas. The Center seeks

out leading contributors and practitioners to stimulate study and provide insights.

It develops an academic climate conducive to discussion, examination, explora-

tion, conception, and learning. It maintains small class size (an average of fifteen

students) to provide individual participation and development. It encourages

scholarship leading to the significant and measurable acquisition of knowledge or

proficiency in new techniques. It combines industrial and academic resources in

appraising technological trends to plan and offer programs for advancing the

competence and competitive position of New England industry.



General Information

Course Locations

As in previous years, the program offers the convenience of in-town and suburban

course locations. These include the Boston and Burlington Campuses of North-

eastern University, and modern, suburban public education facilities at Weston

and Burlington, Massachusetts, and other selected locations. Course offerings are

also planned for Henderson House, the University's conference center at Weston,

Massachusetts.

The University's Suburban Campus is located near the junction of Routes 128

and 3-3A in Burlington. The campus is approached from Route 128 by way of exit

41 S. Burlington High School is located on Route 3A, just north of the main Bur-

lington Campus, and is approached from Route 128 by way of exit 41 N. Weston

High School facilities are at the junction of Route 30 and Wellesley Street, Wes-

ton. The campus is approximately two miles west of the Route 30 exit from Route

1 28 or the Massachusetts Turnpike.

Certificate of Course Completion

A certificate of course completion is awarded to participants on successful com-

pletion of program courses. The minimum requirement for the certificate is atten-

dance at seventy-five percent of course sessions. The registrar mails formal notice

of course performance to all participants subsequent to the last course session.

Certificate of Professional Achievement
A formal certificate of protessional achievement is awarded to participants in the

State-of-the-Art Program who have successfully completed courses with a total

accumulation of twenty or more Continuing Education Units (CEUs).

Continuing Education Units

Continuing Education Units (CEUs) are nationally recognized measurements of

participation in a qualified program of continuing education. The CEU is defined

as ten contact hours of participation in an organized continuing education experi-

ence under responsible sponsorship, capable direction, and qualified instruction.

Students receive Continuing Education Units for successful completion of

courses in the State-of-the-Art Program. The number of CEUs applicable to each

course is listed in program announcements and course descriptions. The CEU
equals Professional Credits granted by the program prior to 1 975.
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1979-80 Program Calendar
Fall quarter 1979

Fall quarter classes begin

Columbus Day, no classes

Veteran's Day, no classes

Thanksgiving recess, no classes

Christmas vacation, no classes

Winter quarter 1980

Winter quarter classes begin

Martin Luther King Day,

no classes

Washington's Birthday,

no classes

Monday, September 24, 1979

Monday, October 8

Monday, November 1 2

Thursday-Saturday, November 22-24

Monday, December 1 7, 1 979-

Tuesday, January 1 , 1 980

Wednesday, January 2

Tuesday, January 15

Monday, February 18

Spring quarter 1980

Spring quarter classes begin

Patriot's Day, no classes

Memorial Day, no classes

Monday, March 31

Monday, April 21

Monday, May 26

Tuition

Tuition for each course is specified in scheduling information published by the

program. Tuition cost ordinarily includes all necessary texts and instructional ma-

terial.

Tuition payment is due at the time of course registration. A check, money
order, or authorized company purchase order must accompany all mail regis-

trations. Payment by Mastercharge will also be accepted.

All payment checks and correspondence must be legibly marked with course

number and title, as well as the participant's Social Security number. The latter

becomes a permanent program identification number for records keeping and

mailing purposes.

Questions regarding course tuition payments and other financial matters

should be referred to the University Bursar's Office, 245 Richards Hall, at

(617)437-2270.

Deferred Payment Privilege

In certain instances where tuition payment cannot be made at the time of

registration, deferred payment can be arranged by contacting the Bursar's Office.

There is a nominal service fee for this privilege.

Registration

The registrar of the State-of-the-Art Program is responsible for all registration pro-

cedures and the processing of course registrations.
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Registration for Courses

Approximately six weeks prior to the start of courses, the registrar mails

course schedules and registration materials to all current and former participants.

Other interested parties who wish to receive registration materials should contact

the Program Office.

Participants in the program must register before attending classes. The Regis-

trar's Office accepts and processes course registrations during the registration

period prior to the beginning of courses. Receipt of registration is confirmed by

mail. Late registration can be made in person at the various campus locations.

However, late registrants should consult the program office to determine course

status before appearing at course locations.

Participants are urged to register for courses at least two weeks in advance of

their scheduled starting date. Textbooks and other course-related materials must

be specially ordered in sufficient time prior to the beginning of courses to ensure

their availability. Late registrants may experience a delay in receiving course ma-

terials.

In order to be considered active, most courses require a minimum of eight

participants. Cancellation of courses with insufficient enrollment begins one

week prior to the scheduled opening of classes. The program must have registra-

tion of course participants, or notification of enrollment intention prior to this

date. If participants notify the program of their intentions in sufficient time, a

greater number of active courses can be offered.

Changes in Course Registration

Registrants who wish to make an alternate course selection or additions to original

course registrations can do so by notifying the Registrar's Office by mail or tele-

phone:

Office of the Registrar

Center for Continuing Education

120 Hayden Hall

Northeastern University

360 Huntington Avenue

Boston, Massachusetts 02 1 1 5

(617)437-2183

Student Identification Card
Approximately one week after the course begins, a student identification card is

forwarded to all participants. Those holding the card have library, bookstore, and

other University student privileges. If the card is lost or misplaced, a replacement

may be obtained from the program office.
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Changes and Corrections

Participants who need to make changes in their records should direct a letter to

the Registrar's Office to initiate them. Included in this category are name, address,

or identification number (SSN) changes or corrections.

Course grade changes are processed on a weekly basis, and formal notifica-

tion is made by mail to the participant involved.

Transcripts

The State-of-the-Art Program maintains permanent records of participation in all

courses. Transcript information is continually updated, and a complete record of

course participation is included on each transcript. Transcript information can be

released only on receipt of the participant's written request.

Transcripts are immediately available by completion of a request form at the

Registrar's Office. Transcripts may also be obtained by writing to:

Northeastern University

Registrar's Office

Transcript Department

360 Huntington Avenue

Boston, Massachusetts 021 1

5

A $1 .00 payment must accompany each transcript request to defray service

costs. Inquiries regarding transcript requests can be made by telephoning (617)

437-2199.

Tuition Refunds, Credits, and Course Withdrawals
If a course cannot be activated due to insufficient enrollment, tuition payments

received will be automatically refunded to all registrants.

Participants may withdraw from a course or courses, and a tuition credit will

be granted as specified in the schedule below. To qualify for a tuition credit,

participants must file a written notice of course withdrawal and forward it to the

Registrar's Office. Non-attendance or notification of withdrawal to course faculty

alone does not constitute official withdrawal, and a tuition credit cannot be al-

lowed on this basis.

Course withdrawal forms are available at the Registrar's Office and at various

course locations. If it is impossible for participants to secure these forms, a letter of

notification of withdrawal will be accepted. Tuition credit will be granted only on

the basis of the date appearing on the withdrawal form or letter.

In the event of course withdrawal, tuition credit is prorated according to the

following schedule:

Time of Withdrawal Tuition Credit

1st calendar week of classes 100 percent

2nd calendar week 75 percent

3rd calendar week 50 percent

4th calendar week ' 25 percent
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No tuition credit can be allowed for withdrawal after the fourth calendar

week of classes. Within the above time limit, the participant must return, in good

condition, all course-related materials received, including textbooks, in order to

qualify for the full amount of the allowable tuition credit. Otherwise, tuition credit

will be granted deducting course material cost.

When tuition credit is granted, the amount will be automatically credited to

the participant's account and applied toward future tuition costs. If a refund is

desired, the participant must make a formal request through the Bursar's Office.

The tuition credit or refund policy applies only to courses regularly adver-

tised and scheduled which meet on a weekly basis.

Class Cancellations: Inclement Weather
When it becomes necessary to cancel classes due to extremely inclement

weather, announcements will be made on radio stations WBZ, WEEI, WHDH,
WJDA, WCOP, WRKO, WLYN, WKOX, WHAV, and WLLH. in addition, the Uni-

versity maintains an automatic telephone service which provides taped informa-

tion. For this service, dial (61 7) 262-SNOW.
Please note that class cancellation announcements can be specific with re-

spect to various campus locations and times. If there is any doubt regarding eve-

ning class cancellations, call the Program Office after 3:00 p.m.

Parking Facilities

Program participants may use ample, convenient parking facilities at all in-town

and suburban locations.

With the exception of the Boston Campus, all parking is free of charge, and

no permit or other formal arrangements are necessary. At Boston, a parking decal

will be required by the end of the second week of courses. Participants should

apply at the cashier's window, 247 Richards Hall. Possession of a student identifi-

cation card or course registration confirmation, and a driver's license are re-

quired. A nominal charge is made.

At the Boston Campus there are nine parking areas available in the evening.

All parking is on a first-come, first-served basis, and participants must conform to

the directions of parking attendants. There are two parking lots on Field Street,

which may be reached from Ruggles Street. There are three parking areas on

Forsyth Street and one on Columbus Avenue. The North lot, located next to the

Stetson East Dormitory, can be reached from St. Stephen Street. The Leon Street lot,

ordinarily reserved for faculty and staff, is also available in the evening. Do not

park in other faculty/staff restricted areas. A shuttle bus service is available until

1 0:00 p.m. from the campus to the Field Street and Columbus Avenue lots.
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New Courses and Instructors

The State-of-the Art Program constantly seeks new courses and faculty to meet the

needs of professional development. Key industrial contributors, consultants, or

university faculty members with industrial experience are encouraged to com-

municate with the Program Director to discuss proposed courses or seminars.

The Program Director also wishes to learn of new educational needs and is

responsive to requests for establishing new courses, seminars, or specific in-plant

programs.

Assistance and Information
For further information or assistance, do not hesitate to write or telephone the

Program Office at (617) 437-2607 or -2610, Monday through Friday, from 8:30

a.m. to4:30 p.m.
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Delivery of Services

The University assumes no liability, and hereby expressly negates the same, for failure to

provide or delay in providing educational or related services or facilities or for any other

failure or delay in performance arising out of or due to causes beyond the reasonable control

of the University, which causes include, without limitation, power failure, fire, strikes by

University employees or others, damage by the elements and acts of public authorities. The

University will, however, exert reasonable efforts, when in its judgment it is appropriate to

do so, to provide comparable or substantially equivalent services, facilities or performance,

but its inability or failure to do so shall not subject it to liability.

This catalog contains current information regarding the University calendar, admissions

requirements, regulations, and the like. The information contained in the catalog is not

intended to be, and should not be relied upon as, a statement of the University's contractual

undertaking. Northeastern University reserves the right in its sole judgment to promulgate

and change rules and regulations and to make changes of any nature in its program, calen-

dar, admissions policies, procedures and standards, degree requirements, fees, and

academic schedule whenever it is deemed necessary or desirable, including, without limita-

tion, changes in course content, the rescheduling of classes, cancelling of scheduled classes

and other academic activities, and requiring or affording alternatives for scheduled classes

or other academic activities, in any such case giving such notice as is reasonably practicable

under the circumstances.

Equal Opportunity Policy

Northeastern University is committed to a policy of providing equal opportunity for all. In all

matters involving admissions, registration, and all official relationships with students, in-

cluding evaluation of academic performance, the UniversKy insists on a policy of nondis-

crimination. Northeastern University is also an equal opportunity employer; it is institu-

tional policy that there shall not be any discrimination against any employee or applicant for

employment because of race, color, religion, sex, age, national origin, or on the basis of

being a handicapped but otherwise qualified individual. In addition, Northeastern takes

affirmative action in the recruitment of students and employees. Inquiries concerning our

equal opportunity policies may be referred to the University Affirmative Action Officer

and/orthe Title IX coordinator.



Interactive Programs in Engineering

and the Applied Physical Sciences

The Center for Continuing Education develops interactive progranns to meet the

special needs of certain industrial and business organizations, research institu-

tions, and government agencies. These programs assist engineers and physical

scientists in assessing the current state-of-the-art in their fields, establishing realis-

tic goals for achievement, and planning research and development activities

necessary to achieve those goals.

Participants for the programs are carefully selected during joint meetings be-

tween members of both the client organization and the faculty of the Center for

Continuing Education. Most of the new knowledge taught at interactive sessions

comes from the participants themselves, but experts are brought in to provide

theoretical and applied knowledge as required at class sessions. They remain as

consultants during problem-solving interaction among the participants.

Classes are deliberately kept small. The emphasis is on problem solving,

creativity, evaluation, design synthesis, theoretical analysis, and practical innova-

tion. In most instances, such interactive programs pay for themselves through the

increased competence of the participants and the actual solution of company
problems while the course is in progress.

11



Special Studies

29.799 Effective Oral Communication
This course is designed for the professional seeking to improve verbal communi-
cation skills in frequently encountered business situations. The course aims at

assisting participants to more confidently and convincingly present and discuss

ideas and information on a person-to-person basis and in small groups, such as

design and review committees and symposia.

Conducted as a workshop, the course adopts an in-depth, how-to approach,

emphasizing directly applicable verbal communication techniques and skills in

using these techniques. Course participants have the opportunity to learn to ob-

jectively assess and accept their verbal communication strengths and weaknesses,

and build successfully on them. Communication skills are practiced and progres-

sively developed in a participative and interactive series of in-class exercises

focusing on pertinent communication subjects and situations that include: tech-

niques of verbal motivation; assessment of audience nature and needs; audience

nonverbal communications, cues, and responses; technical communications to

non-technical audiences; and impromptu presentations. Importantly, the course

also stresses parallel development of the participant's skills as an active listener

and the ability to deal constructively with audience feedback and criticism.

Course content is adjusted to meet stated class needs.

Course Content Speech communications. Analysis of the communication prob-

lem; models of communication. Obstacles to effective communication. Small

group communication: group participation, leadership skills, and group problem

solving. Information exchange within the organization. Public address communi-
cations. Verbal and nonverbal messages. Improving communications skills:

techniques of effective speaking, audience analysis, speech preparation, and

visual techniques. Human values in communication feedback and active listen-

ing. Presenting technical ideas.

Faculty: Michael L. Woodnick, M.S.

Associate Professor of Speech

Northeastern University

Joan F. Drexelius, Ph.D.

Associate Professor Drama/Speech

Northeastern University

12



Professional Engineers

License Exam Preparation

05.799 Engineering Economics: Principles and Professional Engineers

License Exam Preparation

This course familiarizes participants with the material in the engineering econom-

ics portion of the Professional Engineers License Examination. The principles and

application of engineering economics to the financial evaluation of engineering

design alternatives are covered. Numerous sample problems are solved in class.

The course concludes before the April P. E. Exams.

Course Content Equivalence and time value of money. Compound interest fac-

tors. Problem solving considering annual cost, present worth, and rate of return.

The determination of: minimum attractive rate of return, multiple alternatives,

depreciation, and uncertainties. After-tax calculations. Retirement and replace-

ment studies.

Faculty: Thomas E. Hulbert

Acting Dean of Engineering

Northeastern University

Thomas J. Kerr

Assistant Director

Graduate School of Engineering

Northeastern University

1 0.799 EIT Professional Engineers License Examination Preparation

This course may assist participants in preparing for the professional engineering

examinations. A thorough review of the fundamentals is provided in addition to

the important concepts common to all engineering areas. Numerous sample prob-

lems are reviewed in class. The programs conclude prior to the November and

April Engineer-in-T raining Examinations.

Course Content Review of mathematics, statics, dynamics, fluid mechanics,

mechanics of materials, thermodynamics, electricity and electronics, chemistry,

physics, engineering economics, systems engineering, and computer science.

13
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Faculty: Thomas Tsai, Ph.D., Course Coordinator

Engineer

New England Electric System

PaulC. Barr

Manager, Advanced Processing Techniques & Systems Department

Raytheon Company

John T. Forryan, Jr.

Sr. Management Science Analyst

New England Electric System

Patrick L. Sciaraffa, Ph.D.

Director of Research & Development

Permuthane Company
Division of Beatrice Foods



Systems Theory and Engineering

03.700 Principles of Communication Theory

The underlying principles of communication system design and analysis are dis-

cussed. Mathematical concepts are illustrated through the use of numerous

examples. Participants have the opportunity to learn to characterize signals, use

Fourier transforms, analyze communication system performance, and apply spe-

cific techniques to the design of communication systems. This course may serve

as preparation for advanced state-of-the-art courses in communications. A work-

ing knowledge of integral and differential calculus is assumed.

Course Content Signal representations, transforms, spectra, and correlation.

Applications to random signals, noise, and noise-filtering problems. Baseband

communication. Optimum filtering. Linear and exponential modulation and

noise in CW modulation. Sampling theory and applications. Pulse modulation

and digital transmission techniques. Information and coding theory. Digital data

systems, spread-spectrum techniques, and speech encoding.

Faculty: Ronald O. Brown, Ph.D., Course Coordinator

Engineering Specialist

GTE-Sylvania, Inc.

Aaron J. Goldberg, Ph.D.

Engineering Specialist

GTE-Sylvania, Inc.

Allen H. Levesque, Ph.D.

Manager, Communications Techniques Unit

GTE-Sylvania, Inc.

JohnG. Proakis, Ph.D.

Professor of Electrical Engineering

Northeastern University

03.724 Radar Systems: Design & Applications

Underlying principles or radar systems are described, covering components,

theory, and applications. Analytic techniques and design concepts useful in the

synthesis and analysis of radar systems are presented. Recent advances in phased

array radars, air traffic control radars, and space based radars are discussed by

leading experts. Participants should be familiar with electromagnetic theory, basic

electronics, and communication theory.

15
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Course Content Overview of radar systems, generic block diagram of radar

functions. Analytic description of antenna parameters; radar cross-section; noise

temperature; available power gain; power, energy, and signal to noise ratio; radar

range equations. Principles of pulse doppler radars, matched filter theory, pulse

compression, radar uncertainty principles, resolution, ambiguity and signal pro-

cessing, detection calculations, and radar measurements. Applications: phased

array, weather radar, air traffic control, space based radars.

Faculty: Herbert L. Groginsky, Ph.D.

Technical Director

Advanced Development Laboratory

Raytheon Company

Mr. R. M. O'Donnell

Project Leader, FAA Radars

Lincoln Laboratory

Massachusetts Institute of Technology

Mr. Fritz Steudel

Technical Director

PAVE PAWS Radar

Raytheon Company

03.726 Optical Fiber Communications Systems

Recent advances in low-loss optical fibers and integrated optics have greatly ex-

panded the use of optical systems in a broad variety of communications applica-

tions. This course for communication systems designers and optical systems ap-

plications engineers discusses the characteristics as well as the underlying princi-

ples of optical communication systems and components. Light sources, fibers,

and photo-detectors as system elements are discussed. Several optical fiber com-

munication system designs are reviewed. Present and future systems are com-

pared with those currently in use. Participants should have a working knowledge

of basic communication theory and electronics.

Course Content Basic optical fiber communication system components. Device

modeling and principles of operation. Physical properties of optical fiber

waveguides. Wave propagation in optical fibers. Physical properties of photon

detectors; noise models, SNR, NEP. Performance of detector, amplifier circuits.

Properties of selected light sources for OCS. Drive amplifiers and performance.

Modulation techniques and information capacity. Review of integrated optical

components. Coupling to optical fibers. System design requirements and compo-
nent specification review. Case studies: short-range, broad-band hookups, bus

system designs, multi-channel video communication systems, video transmission

and distribution systems, and telephone interoffice trunk systems. Future de-

velopments and cost trends.
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Faculty: John E. Fulenwider, Ph.D.

Telecommunications Consultant

Arthur D. Little, Inc.

Mark L. Dakss, Ph.D.

Member, Technical Staff

GTE Laboratories

Joseph Zucker, Ph.D.

Member, Technical Staff

GTE Laboratories

03.727 Electro-Optical Systems

Remote sensing electro-optical systems are used primarily to achieve precision

position and velocity measurements, provide imagery, and obtain target signa-

tures of the environment. This course reviews the analytical tools and technologi-

cal background required for the design of both active and passive electro-optical

systems. Implementation of the modern electro-optical system depends on the

integration of the technology of solid-state photodetectors, the availability of las-

ers at wave lengths of practical interest, the development of new optical materials

and fabrication techniques, the application of conventional optical components,

and the development of sophisticated signal processors. The course will address

these issues from a system concept and individual component point of view for

the solution of problems of current interest.

Course Content Introduction to electro-optical systems analysis. Overview of

major system applications. Review of black-body radiation theory. Theory and

review of recent advance in lasers. Dye, excimers, tunable semiconductors,

solid-state and CO2 laser developments. Survey of solid-state photodetector

characteristics and principles of operation. Coherent, incoherent detection tech-

niques. Noise processes and signal-to-noise calculations. Transmission through

the atmosphere, scattering, absorption, and related problems. Optical radars,

Lidars, Laser Doppler Velocimeters, optical communications, thermal imagers,

and night vision devices. Fiber and integrated optics applications.

Faculty: Jonathan D. Fridman

Principal Engineer

Raytheon Company

03.728 Satellite Communications
This course is intended for industry, university, government, and military technical

personnel who desire an understanding of modern commercial and military satel-

lite communication systems. The course covers the fundamentals of satellite

communications emphasizing the systems engineering aspects. Fundamental

concepts will be stressed with emphasis placed on understanding the various
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multiple-access/modulation/coding techniques, state-of-the-art satellite com-

munication technology, interference rejection schemes, and future system trends.

There is no prerequisite for the course; however, a bachelor's degree in engineer-

ing, science, or experience in the field will be helpful.

Course Content History and current status of satellite communication systems.

Space segment system engineering including satellite orbit and control, satellite

construction, satellite link transmission performance parameters, frequency allo-

cations, and trade-offs in satellite design. Earth segment system engineering in-

cluding multiple-access/modulation/coding techniques, satellite data and packet

communications, availability, privacy and security, and overall tradeoffs in

space/earth segment systems design. Future potential of satellites.

Faculty: Edmund A. Harrington, Ph.D.

Engineering Specialist

GTE-Sylvania, Inc.

Myron Ross, Ph.D.

Engineering Specialist

GTE-Sylvania, Inc.

03.729 Electronic Scanning Radar System Design and Architecture

Electronic Scanning Radar Systems (ESRS) and their related design methodology is

a subject of wide interest in contemporary radar' technology. This course ap-

proaches the subject from the design engineer's point of view. The demanding

task of allocating ESRS resources for time-shared multifunction operation and

selection of major radar parameters is explained and exemplified. The course

includes broad discussions on use of electronic counter-measure devices and

evaluation of their effectiveness against ESRS. Underlying principles and ad-

vanced techniques are described. Examples are used extensively. Major subsys-

tems are discussed with emphasis on their application to ESRS. Finally, the

methods developed are applied to a hypothetical case study that proceeds step by

step through a complete ESRS design.

This course offers participants the opportunity to develop a capability in both

the design and evaluation of ESRS. it also assists in providing subsystem designers

(array, transmitter, computer, signal processor, etc.) with perspective so that they

can best apply their talents to present and future ESRS designs. Most of the con-

cepts introduced in the course apply also to the development of conventional

radar systems.

Course Content Review of fundamental radar concepts; modern radar trends;

ESR techniques: definition, description, and application to existing phased array

radars. Detection theory, matched filter theory, waveforms, and MTI as applied to

ESRS design. Sine space coordinates: conversion to antenna, space, and cartesian

coordinates; use in determining volumetric coverage, element spacing, and grat-

ing lobe location; tilt angle; element area and aperture size. Overview of com-

puter architecture, beam steering methods, and array element selection. Tracking
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considerations unique to ESRS, such as: sampled data Type II, III, and Kalman

filters with low sampling rates and multiple targets on a time-shared basis and

monopulse interpolative-null tracking. ESRS accuracy, resolution, error, and loss

budgets. Parameter management and system design methodology. Case study: il-

lustrative example of detailed phased array radar system design.

Text: Electronic Scanning Radar Systems (ESRS) Design Handbook

Peter J. Kahrilas, Artech House, 1976

Faculty: Peter J. Kahrilas, Course Coordinator

Consulting Scientist

03.730 Detection of Signals in Noise

The theory of signal detectability underlies the design and analysis of signal pro-

cessing and detection algorithms in communication and radar systems. This

course is for design and development engineers who desire a working knowledge

of these theoretical concepts as they apply to a broad variety of information-

processing systems. A mathematically detailed, but engineering oriented, introduc-

tion to the limits of signal detection in noise is presented. Theoretical develop-

ment is paralleled by examples of important applications. A working knowledge

of probability and random-process theory is required.

Course Content Review of probability and random-process theory. Representa-

tion of narrow-band signals and noise. Detection of signals in white Gaussian

noise. Coherent FSK example. Detection of a signal with random or unknown
parameters. Analysis of single-pulse and coherent radar detection problems.

Multiple-pulse detection of signals. Example of post-detection integration in radar

or sonar. Detection of signals in colored noise. Application to radar clutter filter-

ing using MTI and Doppler techniques. Measurement of signal parameters. Exam-

ples from radar and estimator-correlatorapproach in communications.

Faculty: Mr. V. Gregers Hansen

Consulting Scientist

Raytheon Company

03.731 Radar Processing and Automatic Detection

The design techniques and relationship between a radar signal processor and its

specific application are covered. A discussion of theoretical constraints and prac-

tical limitations of various processing techniques is integrated with a case study of

a processor design for a search radar. Participants should have familiarity with

basic probability and transform theory.

Course Content Introduction to radar processor design and principles. Target

characteristics. Radar detection theory. Matched filters. Limits on performance.

Practical detection procedures. Radar environment: propagation, clutter charac-
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teristics, interference problems. Constant false alarm rate processing. Resolution

theory. Pulse compression techniques. MTI and pulse doppler. Sidelobe suppres-

sion and ECCM techniques. Theory of measurement. Radar accuracy. Case study:

A Search Radar Processor and Automatic Detector.

Faculty: Mr. V. Gregers Hansen

Consulting Scientist

Mr. Harold R. Ward

Consulting Engineer

Raytheon Company

03.732 Digital Modulation Techniques

This applications oriented course is designed as an introduction to the subject of

digital modulation and transmission and may also provide an update and review

for individuals with experience in the field. The course focuses on developing an

understanding of underlying physical principles in combination with an or-

ganized knowledge of applications and system performance. Initially, digital and

analog approaches are reviewed and compared, with subsequent attention on the

digital. Important digital modulation techniques are exemplified, and their appli-

cations are detailed, discussed, and compared, providing participants with the

opportunity to learn to evaluate the relative and absolute performance of the vari-

ous techniques and systems. Participation in the course assumes completion of

course 03.700, or equivalent.

Course Content Introduction to analog and digital modulation; effects of noise

on performance; digital coding techniques; intersymbol interference, binary PSK,

QPSK, QAM, FSK, MSK; comparison of digital modulation techniques, digital

monitoring techniques.

Faculty: Ronald O. Brown, Ph.D.

Engineering Specialist

GTE-Sylvania, Inc.

03.734 Modern Communications Systems Seminar
A series of six seminars is offered on recent advances in communication systems

and techniques. Each session is conducted by a key contributor to the field under

discussion. Topics tentatively include: multi-user systems, coded systems, HF and

troposcatter communications, spaceborne communication systems, VLF com-

munications, and optical communications. Final program contents and faculty

arrangements will be announced at the timeof the offering.

Faculty: Jack J. Stiff ler, Ph.D.

Consulting Scientist

Raytheon Company
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03.735 Theory of Synchronous Communications
Fundamentals of modern communication theory are covered with emphasis on

the often neglected problem of acquiring and maintaining synchronization. The

mathematical discussion is qualitative; important results are stated and the em-

phasis is placed on concepts and significance rather than mathematical details

and derivations. Space communication systems, basic concepts of digital modula-

tion, channel characterization problems, and bounds for digital communication

are discussed.

Course Content Elements of information theory. Decision theory, detection and

estimation; search strategies, sequential and fixed sample size tests, optimum se-

quential search, multiple hypotheses, parameter estimation. Time-discrete com-

munication systems; the sampling theorem, evaluation of pulse modulation sys-

tems, optimum demodulation, PAM, PSK, phase coherent and phase incoherent

detection, orthogonal symbols, DPSK. Wiener theory; optimum filters; matched

filters, phase estimation, phase locked loops. Bit and symbol synchronization;

clock signals, signal design, maximum likelihood synchronization. Carrier track-

ing; PAM, PSK, Costas loop, squaring loop. Power allocation.

Faculty: Jack j. Stiff ler, Ph.D.

Consulting Scientist

Raytheon Company

03.736 Synchronization and Coding
This course deals with coding, as applied to error detection and correction and to

synchronization error correction. After a brief survey of coding theory, the course

concentrates on the following: decodable and synchronizable codes; decodable

and synchronizable block codes; error correction; synchronization error detec-

tion and correction. Emphasis is not on the abstract theory of code construction,

but on the advantages to be realized through their use and the implemental cost of

exploiting these advantages. Participants are instructed in the latest developments

in data representation, error control coding, and synchronization. Some familiar-

ity with communications theory and practice is advised.

Course Content Coding philosophy. Source coding, the Kraft inequality and

exhaustive dictionaries, FHuffman codes, unique decodability and Sardinas-

Patterson algorithm. Decodable and synchronizable codes, self-synchronizing

code dictionaries, maximal synchronizable dictionaries. Comma-free codes, pre-

fix codes, comma codes. Error-correcting and detecting codes, linear codes, cyc-

lic codes, punctured cyclic, shortened cyclic, and Hamming codes. Kronecker

product, Kronecker sum, and concatenated codes, convolutional codes. Barker

and pseudo-noise sequences. Synchronization error-detecting and correcting

codes, comma-free error-correcting codes, the index of comma freedom.

Faculty: Jack J. Stiff ler, Ph.D.

Consulting Scientist

Raytheon Company
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03.737 Principles of Telecommunications-Part 1

03.738 Principles of Telecommunications-Part II

This newly developed, two-part course is designed for computer and communica-

tion engineers and other technical personnel in telecommunications-related fields

who need to understand all aspects of telecommunications networks and opera-

tions. The course may also form the basis for advanced study of the topics covered.

The course includes detailed discussion of telecommunication switching and

transmission techniques and systems, as well as network operations and mainte-

nance. Special voice and data network offerings, including packet-switched offer-

ings, are also presented.

Where appropriate, telecommunications system interfacing will be discussed

from the design engineer's point of view. While the course emphasizes the de-

scriptive and functional aspects of telecommunications technology and systems,

mathematical treatment of the topics covered presupposes a background in

college-level algebra and calculus.

Course Content Part I: Telecommunications network fundamentals; FDM and

TDM transmission techniques; mechanical, common control, and electronic-

stored program switching techniques; analog and digital switching systems; Pois-

son and Eriang B traffic engineering fundamentals.

Part II: Radio, cable, fiber optic, waveguide, and satellite transmission systems;

subscriber apparatus, including PABXs, key systems and ACDs; test and mainte-

nance procedures; digital communication systems,*: private switched networks;

packet communications.

Faculty: Ronald O. Brown, Ph.D.

Engineering Specialist

GTE-Network Systems Division

GTE-Sylvania, Inc.

03.748 Digital Video and image-Processing Systems

Interrelates concepts in scanning theory, two-dimensional transforms, optics, psy-

chophysics of human vision, colorimetry, digital signal processing, computer

structures, as well as analog video systems, and applies them to the development

of digital video systems. Participants are offered a chance to learn to design and

use digital video systems applied to the areas of displays, image processing and

enhancement, biomedical scanning, character recognition, measurement in-

strumentation, picture coding, and digital television communications. Familiarity

with digital signal processing and linear systems concepts is assumed.

Course Content Video cameras and other scanning devices, basic television

concepts, scanning theory, and high-speed A/D conversion. Two-dimensional

transforms, digital scan control systems, frame memory storage, and video digital

signal processing. Psychophysical properties of color vision; spatial, brightness,

and temporal models of vision. Picture statistics, information content of an image.
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half-tone and dithering reproduction techniques. Measurement, pattern recogni-

tion, image enhancement, edge extraction, colorizing, and graphical al-

phanumeric display systems. Hardware and software implementation.

Faculty: Robert D. Solomon, Ph.D.

President SOLOTEST Corp.

Assistant Professor of Electrical Engineering

Worcester Polytechnic Institute

05.701 Pattern Recognition & Robotics

This course is designed to help familiarize participants with the principles, tech-

niques, and applications of pattern recognition in technical, medical, and indus-

trial areas, and in robotics. The course focuses on automatic machine classifica-

tion, the categorization of subjects of interest on the basis of a battery of meas-

urements made with one or more local or remote sensors. Course discussions

center on the machine learning and derivation of the decision algorithms needed

to achieve classification of sensed data, and on the techniques used in classifying

data and extracting important decision parameters from it. Robot design is used as

a vehicle for illustrating and tieing together the pattern recognition methodology

presented in the course. Participants have the opportunity to gain familiarity with

available algorithms and with examples of pattern recognition systems in use, as

well as the thoughts and problems associated with new and pending pattern rec-

ognition applications.

Course Content Introduction to pattern recognition. Methods of classification:

use of statistical decision theory, geometric partitioning, forms of implementation.

Learning and adaptation. Feature selection. Representation of data. Syntactic

methods. Scene analysis. Interactive systems. Applications chosen from: medical

diagnosis, electrocardiogram analysis, speech recognition, target detection and

identification, unmanned planetary cartography, underwater sound, optical

character recognition, production quality control, fault detection, as well as spe-

cific requests reflecting the interests of the class.

Faculty: Paul W. Cooper

Consultant

05.760 Transportation Systems Engineering

Problems confronting the nation's current and projected air and ground transpor-

tation resources are presented and possible solutions discussed. Modern
analysis and design techniques are demonstrated and applied to typical transpor-

tation systems. Operational requirements for the various modes of transportation

are examined in order to determine system functional requirements. These

functional requirements in communications, data processing, sensors, vehicle

and operator behavior, social and economic factors, and overall systems perform-

ance are described and evaluated for specific applications. Guest lecturers pre-

sent selected topics.
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Course Content Review of the current and projected air traffic control problem.

Determination of functional requirements to match system demand to system

capacity. Presentation of transportation concepts and systems that are candidate

solutions for air traffic control, including ground terminal capacity. Review of the

current ground transportation dilemma and possible solutions for rail, highway,

and urban traffic problems. Advanced ground transportation concepts, designs,

and vehicular requirements, including command and control systems for rail,

rapid transit, and PRT (personal rapid transit) systems. Design and simulation of

transportation systems. Social and economic considerations. Specific topics that

reflect the class interest.

Faculty: Albert M. Colella, Ph.D.

Systems Engineer

U.S. Naval Underwater Systems Center

Guest

Lecturers: Bruce Rubinger, Ph.D.

Systems Engineer

U.S. Department of Transportation

Cambridge, Massachusetts

Ross Coonan

Staff Engineer

U.S. Department of Transportation

Cambridge, Massachusetts

David Heimann, Ph.D.

Mathematician

U.S. Department of Transportation

Cambridge, Massachusetts

06.700 Fundamentals of Applied Reliability

An introduction to the theoretical and practical aspects of component reliability

analysis and evaluation. Part and circuit failure distributions are examined with a

view toward formulating the probabilistic laws governing life expectancy. Be-

havior of parts and materials under operating and environmental stresses lead to

the modern techniques of reliability prediction and allocation. The applicable

laws of chance are combined with the expected, predictable statistics of wearout

to describe prevalent failure mechanisms in electrical and mechanical devices

comprising typical components and circuits. This information is used to develop

the most effective tools for device reliability improvement. The course serves as

an introduction to course 06.730, System Reliability Engineering.

Course Content Definitions of device failure, part failure densities, and histori-

cal sources of part failure data. Reliability under stress and safety margins in de-

sign. Effect of part variability on circuit or subsystem performance. Reporting and

analysis of failure data, corrective action procedures, and failure modes and ef-

fects analysis (FMEA). Reliability design reviews and up-to-date techniques used
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for assuring high probability of satisfactory circuit operation. ReMability evalua-

tion through life testing and demonstration tests.

Faculty: Avery H. Hevesh

Principal Engineer

Raytheon Company

06.720 System and Design Practices in Maintainability

A treatment of maintainability theory and practice for engineers, managers, and

others who have an interest in the requirements of MIL-STD-470 (maintainability

programs), MIL-STD-471 (maintainability demonstration testing), and MIL-

HDBK-472 (maintainability prediction techniques). Corrective and preventive

maintenance considerations for the designer of modern, complex electronic sys-

tems are covered, with special emphasis on equipment availability and reduced

life cycle costs. Applications of principles to commercial product lines are also

included with a view toward establishing decision criteria for maintenance crew

size and skills, overhaul periods, and checkout test frequency. The course may aid

project managers in establishing and directing maintainability programs and in

appraising program results. Familiarity with reliability and probabilistic aspects of

systems effectiveness is helpful but not required.

Course Content System success modeling with replacement/repair doctrines;

formation of queues; availability of maintained systems-serial and redundant.

Role of automatic fault location, and diagnosis and use of BITE (built-in test

equipment). Constraints of manpower resources, maintainability, data acquisi-

tion, and data analysis. Impact of maintainability on spares provisioning and logis-

tics planning; design techniques for minimizing mean-times to replace/restore.

Effects on operational ability. Economic trade-offs. Repair/discard decisions.

Faculty: Avery H. Hevesh

Principal Engineer

Raytheon Company

06.730 System Reliability Engineering

A systematic treatment of reliability theory applied to the solution of system and

circuit problems. Intended for design, system, and reliability engineers, this

course may help to provide an understanding of factors influencing hardware

performance longevity, its measurements, and improvement. From the modeling

of simple, non-redundant systems through complex, multi-moded systems, the

concepts emphasize quantitative treatment of system success using the tools of

probability transition diagrams and matrix algebra. Systems with requirements for

low maintenance and high operational readiness are examined in view of practi-

cal constraints, economic and otherwise. Familiarity with frequency and cumula-

tive distributions and the statistics used in failure data analysis is presumed.
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Course Content Stochastic processes, Markovian processes, matrices. Signal

flowgraph representation of multi-state systems. System success modeling, effects

of redundancy, cold and hot standby, effects of switching, repair/replacement

policies. Availability of maintained systems, both serial and redundant. Con-

straints of cost, weight, size, manpower resources. Systems effectiveness meas-

ures, military and commercial. Computer aids to reliability analysis. Reliability

growth measurements.

Faculty: Avery H. Hevesh

Principal Engineer

Raytheon Company

06.731 Electronic Component Engineering

For design engineers, this course discusses key characteristics of electronic com-
ponents and the criteria for selecting and explicitly describing the best part for a

given application. It presents the techniques used to choose a component's sig-

nificant performance parameters and to control these properties with specifi-

cations. The course may help enable the participant to avoid reliability problems

caused by underspecif ication or excessive cost due to overspecif ication.

Course Content Methods of characteristic determination, product search, data

interpretation. Use of MIL Specs and Standards. Resistors: carbon composition;

film-carbon, metal, and metal oxide; wirewound power and precision; variable-

carbon, cermet, and wirewound. Capacitors: ceramic; mica; paper/plastic;

aluminum and tantalum electrolytic; variable. Inductors and transformers: rf

chokes, air core and ferrite core; af chokes, air core and iron core; rf transformers;

af and power transformers. Relays: conventional crystal can (hermetically sealed),

reed, and special (including opto-isolators). Switches: slide, rocker, toggle, micro,

pushbutton, piano key, and rotary. Connectors: cable, rack and panel, printed

circuit. Diodes and transistors: small signal, power, and thyristors. Integrated cir-

cuits: bipolar digital, bipolar linear, and MOS. Specification writing.

Faculty: Richard F. Powell

Corporate Director

Quality Assurance and Reliability

Analogic Corporation

06.732 Industrial Application of Minicomputers
The underlying principles of minicomputer architecture, software, and applica-

tions are introduced. These elements are developed in sufficient detail to enable

the participant to select the best minicomputer for a specific application. System

design and interfacing problems are discussed. Vendor data and manuals are

studied to facilitate minicomputer-based system selection, implementation, and

use.



SYSTEMS THEORY AND ENGINEERING / 27

Course Content Overview of minicomputer-based systems. Review of computer

fundamentals, including hardware, software, and computer operation. Instruc-

tions, programming, and systems software. Minicomputer architecture. Evaluation

and selection criteria. Peripherals and special devices. Real-time and batch appli-

cations.

Faculty: Dominick J. Carlino

Senior Staff Member
Western Electric Company

06.733 Digital Computer Control

This course surveys topics from several engineering disciplines and explores the

techniques required for computer control applications. It is intended for system

designers and analysts involved in the computerization of engineering processes.

A systems approach to the computerization problem is taken and the applicable

controls methodology is introduced. Acquaintance with, or a working knowledge

of, any topics listed below is desirable but not an absolute prerequisite.

Course Content Fundamentals of digital computers, functional description of

real-time data processing and control, numerical techniques, finite difference

equations, z-transforms, sampling and conversion, digital filtering, fast Fourier

transforms, sampled-data control systems, modeling and simulation, optimization

and optimal control, identification and adaptive control, direct digital control,

and discussion of several (actual) digital control systems.

Faculty: Dominick J. Carlino

Senior Staff Member
Western Electric Company

06.734 Optimization Techniques

A comprehensive survey of practical optimization techniques applicable to a

broad variety of multi-variable system and design problems. Avoiding undue

mathematical rigor, the theory is demonstrated by numerous sample problems.

Computational aspects are stressed. Participants should have familiarity with ad-

vanced calculus and a higher order programming language such as FORTRAN,
BASIC, or ALGOL.

Course Content Theory of maxima and minima. Variational calculus. Linear

programming. Nonlinear programming. Dynamic programming. Maximum prin-

ciple.

Faculty: Dominick J. Carlino

Senior Staff Member
Western Electric Company
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08.721 Human Factors Engineering

An introductory course designed to provide an opportunity for human factors

personnel, as well as design engineers, engineering task managers, and program

managers, to become familiar with the methods, concepts, and applications of

human factors engineering (HFE) in system design. Emphasis is on presenting the

influence that human factors engineering can have in producing an overall cost-

effective product. Considerations are also given to discussing the effective appli-

cation of human factors engineering during the phases of product or system de-

velopment.

Course Content HFE in system analysis, HFE in equipment design, and HFE in

test and evaluation. The data base underlying application of human factors en-

gineering principles and criteria, i.e., man-machine dynamics, human reliability,

information processing, transfer of learning, vision, audition, anthropometry,

biomedical, and life-support considerations.

Faculty: Lewis Estrine, Ph.D.

Manager, Human Factors/Systems Safety Engineering

GTE-Sylvania, Inc., Eastern Division

09.720 Computer Simulation of Systems

Techniques and considerations involved in performing a thorough systems simula-

tion with computer utilization are presented through case studies. These cases

cover a wide range of interests including scientific, commercial, medical, trans-

portation, and aerospace systems.

Course Content Philosophy and practical theory of simulation. Modeling tech-

niques: mathematical definition of the system and its environment. Techniques for

organizing the simulation: selection of computer configurations, choice of lan-

guages, characterizing the workload, and specifying and analyzing the system

performance. Applicability, capabilities, and limitations of digital, analog, hybrid,

real-time, and time-shared simulation. Evaluation and practicality of computer

simulation languages, software, hardware, and related tradeoffs. Applications

discussed in the classroom and demonstrated in the laboratory. Applications of

general class interest solicited from participants.

Faculty: Albert M. Colella, Ph.D.

Systems Engineer

U. S. Naval Underwater Systems Center

Michael J. O'Sullivan

Senior Staff Analyst

Honeywell Information Systems, Inc.

DominickJ. Carlino

Systems Engineer

Western Electric Co.



Applied Sciences

01.754 Illumination Engineering

This course has been developed for engineers, architects, and others involved in

the design and specification of lighting systems and equipment. It covers light

sources, lighting equipment, lighting design methods, and lighting standards and

criteria as an applied engineering subject. Participants are assisted in preparing to

handle both routine and unique problems in the design of lighting systems and

luminous environments.

Course Content Basic terminology; incandescent, fluorescent, and high inten-

sity discharge lamps; preparation and interpretation of photometric data; calcula-

tion of illumination at a point due to point, line, and area sources; calculation of

average illumination by the zonal cavity method, including non-rectangular rooms

and luminance coefficents; design of interior natural lighting (daylighting), flood-

lighting, street lighting, and lighting for special applications; control of the lumin-

ous environment, including visual comfort (VCP) and color; task and performance-

oriented criteria for illumination, including equivalent sphere illumination (ESI);

criteria standards and equipment for specific lighting applications.

Faculty: Robert E. Levin, Ph.D.

Engineering Consultant

GTE-Sylvania, Inc.

01 .755 Luminous System Design and Evaluation

Practical aspects of light generation, control, and detection are presented. The

underlying principles and techniques required to solve problems in illumination,

information display, psychophysics and human factors, photometry, and photo-

biological and photochemical systems are discussed. Coverage includes: source

selection and specification, system design and analysis, component and system

performance, calibration, instrumentation and testing, and evaluation of ocular

and dermatoiogical hazards related to light.

Course Content Nomenclature and basic principles; calculations and flux trans-

fer theory; reflectors, refractive devices, light control optics; components, filters,

fiber optics; illumination in optical systems, projectors, copy devices. The eye

and vision; colorimetry; psychophysical and psychological aspects of vision, in-

cluding quantitative evaluation of factors such as glare and the ability to assimi-

late information. Measurements and instrumentation; photobiological hazard

analysis; radiant properties of light sources. Specific application topics such as the

measurement and specification of LEDs, light as a tool in medical treatment, il-

29



30 / APPLIED SCIENCES

lumination in photographic systems, solar simulators, detector calibration. Spe-

cific topics depend on class interest.

Faculty: Robert E. Levin, Ph.D.

Engineering Consultant

GTE-Sylvania, Inc.

01 .756 Thin Film Deposition Techniques

For engineers and technicians involved in thin film deposition by evaporation,

sputtering, or chemical vapor deposition. Participants have the opportunity to de-

velop an understanding of the criteria for design and operation of deposition

equipment. Discussion of important deposition parameters and their relationships

to film microstructures and properties will improve participants' ability to solve

processing problems systematically. Lectures and discussions are directed toward

topics of class interest. Two years of college-level science or experience with

deposition equipment will provide adequate background.

Course Content Introduction to vacuum and vacuum equipment. Techniques

and apparatus for thermal evaporation, sputtering, and chemical vapor deposi-

tion. Nucleation and growth of crystalline and amorphous films. Epitaxy and

orientation effects. Residual atmosphere and contamination effects. Thin film

stress and adhesion. Relationships among film deposition parameters, such as

deposition rate, substrate temperature, and vacuum composition, and film micro-

structures and properties. Application to topics of class interest.

Faculty: to be announced.

03.754 Semiconductor Optoelectronics I: Solid-State Photodetectors

03.755 Semiconductor Optoelectronics II: Lasers & Emitters

For optical and infrared engineers and scientists, program managers, systems en-

gineers, and technicians, this two-part course covers fundamental principles and

current applications of solid-state (mostly semiconductor) optoelectronic devices

operating in the visible and infrared spectral regions. Included in this course are

the operating principles and characteristics of infrared detectors, diode lasers, and

systems using these and related semiconductor devices. Particular emphasis is on

recent developments.

While the courses are complementary, each can be taken independently and

in the sequence desired by the participant. Part I introduces the fundamentals of

solid-state visible and infrared detectors, with emphasis on basic operating prin-

ciples and important areas of application. Part II covers basic principles of

semiconductor lasers and emitters of incoherent radiation in the UV, visible, and

IR spectral regions. Current areas of research and development as well as practical

applications are reviewed.
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Course Content: Part I: Introduction and over view of photodetection. Proper-

ties of electromagnetic radiation and properties of semiconductors. Definition

and significance of detector terms. Operating principles of photon detectors (pho-

toconductors and photodiodes) and thermal detectors (thermocouple, bolom-

eters, pyro-electric, etc.). Modern materials for solid-state photodetectors. Device

fabrication methods. Detector cooling techniques. Recent advances in high-speed

photodiodes, heterodyne detection, optical mixing, and other areas, depending

on class interest.

Part II: Introduction and overview of semiconductor optoelectronic emitters.

Basic principles of radiative recombination in semiconductors. Incoherent emit-

ters of visible and infrared radiation. Design and operating principles. Diode las-

ers from the visible through far infrared spectral regions. Modern materials, crystal

growth, and device fabrication methods. Applications in the areas of communica-
tion, ranging, display, heterodyne detection, spectroscopy, and monitoring.

Course emphasis will depend on class interest.

While the courses are complementary, each can be taken independently and in

the sequence desired by the participant.

Faculty: Kurt Linden, Ph.D.

Manager, Solid-State Devices

Laser Analytics

03.790 Applied Electromagnetics

Understanding modern technological applications in the diverse fields of solid

state, super conductivity, physical electronics, microwaves, electro-optics, and

others, depends on the fundamental principles of electromagnetic theory. Unfor-

tunately, this body of knowledge generally remains elusive to the practicing en-

gineer. This course has been designed to help provide physical insight and under-

standing of how to apply these fundamentals through strong emphasis on specific

EM applications from DC to optical frequencies. Both engineering system and

device applications will be considered from the standpoints of both analysis and

design.

Course Content A review of the principles of electrostatics, magnetostatics,

wave propagation, and scattering. EM applications will include super conductive

Josephson junction devices for digital logic applications, linear motors for driving

magnetically levitated transportation systems, microwave heating of materials

such as plasma for nuclear fusion energy, wave propagation in earth and ocean

for communications, Xerox process, MHD power generation, and fiber optics.

Additional examples based on class interest will be discussed.

Faculty: Mr. Ray Kasevich

Principal Scientist

Advanced Development Laboratory

Raytheon Company
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04.700 Introduction to Mass Spectroscopy

For scientists and research technicians, this course discusses design principles,

operating procedures, and applications of mass spectroscopy systems. The course

may help the participant to calculate key system parameters, evaluate system per-

formance, rate different instruments for specific applications, and assist in making

purchasing decisions. Participants are offered the opportunity to increase their

skills in using and trouble-shooting mass spectrometers as well as in readily iden-

tifying new applications and techniques. A lecture/workshop format will be used

throughout the course and field visits to mass spectroscopy installations are

planned. The recommended prerequisite is a chemistry, physics, and math back-

ground equivalent to the first two years in a college science curriculum.

Course Content Introduction and overview of major applications. Description

and function of mass spectrometer system elements: sample inlet, sample ionizer,

mass analyzer, ion detector, and data readout. Description of mass analyzers and

their mode of operation. Definition and calculation of: resolving power, sensitiv-

ity, abundance sensitivity, time response, detector system performance, noise

limitations, mass discrimination, pumping systems, and gas flow. Sample intro-

duction and ionization. Methods of measuring small ion and electron currents

and handling data. Interpretation of mass spectra. Applications in chemistry, biol-

ogy, medicine, vacuum science, geology, materials science, oceanography, foren-

sic science, and nuclear energy. Discussions of applications are weighted to re-

flect class interests.

Faculty: Donald J. Marshall, Ph.D.

General Manager

Nuclide Corporation

04.701 Introduction to Industrial Chemistry

The underlying chemical aspects relating to industrial processes, products, and

safety are discussed. The methods of product development, chemical specifi-

cations, monitoring of chemical processes, and quality control are covered.

Work-related problems are solicited from the class, and application areas are

weighted to reflect class interest.

Course Content Types of chemical compounds; description of solvents, chemi-

cals, plastics, and other materials; introduction to organic chemicals; chemicals

commonly used in industrial processes; safe handling procedures; toxicology;

pertinent OSHA regulations; methods of product development; and monitoring of

chemical processes. Industrial applications, such as: electronics, plating, chemi-

cal manufacturing, fabrication of plastics, textiles, and leather; printing; and pol-

lution control.

Faculty: Patrick L. Sciaraffa, Ph.D.

Director of Research and Development

Permuthane Company
Division of Beatrice Foods



APPLIED SCIENCES / 33

JohnM. Peters, M.D.

Associate Professor of Occupational Medicine

Harvard University

04.702 Introduction to Infrared Spectroscopy

For scientists and technicians, this course discusses design principles, sample

preparation, operating procedures, and applications of infrared spectroscopy sys-

tems. The course may help the participant to prepare the infrared spectrum of any

physical material, determine the composition of mixtures, and identify unknown

materials. Laboratory sessions comprise approximately 25 percent of the program.

The recommended prerequisite is a chemistry, physics, and math background

equivalent to the first two years in a college science curriculum.

Course Content Introduction and overview of major applications. Theory and

description of the infrared spectrophotometer. Instrument calibration and princi-

ples of operation. Sample preparation. Infrared spectra of solids, liquids, gases,

mixtures, polymers, copolymers, and other materials. Characteristic absorptions.

Interpretation of spectra. Qualitative and quantitative analysis. Applications in

manufacturing, chemistry, medicine, quality control, and materials science. Dis-

cussion of applications are weighted to reflect class interest.

Faculty: Patrick L. Sciaraffa, Ph.D.

Director of Research and Development

Permuthane Company
Division of Beatrice Foods

04.703 Theory and Practice of Ellipsometry

Ellipsometry is widely used in production, development, and research as a non-

destructive optical method of measuring the thickness and composition of thin

films on silicon. Such thin films are essential parts of semiconductor integrated

circuit memory cell structures and logic gates. While production ellipsometers are

fairly automatic, a knowledge of ellipsometric principles is essential to the intelli-

gent use of the technology.

This course is designed for engineers and scientists who come in contact with

ellipsometry in their work. The course is also designed to help those who are

unfamiliar with ellipsometry but who feel that the technology might be useful for

them. The emphasis is strictly practical; complex mathematical derivations are

avoided and computer programming ability is not needed. However, familiarity

with trigonometry is essential, and a rudimentary knowledge of optics would be

very helpful. Although not prerequisite, elementary knowledge of the algebra of

complex numbers and infinite series would give the student a mature understand-

ing of the background of the more elementary class expositions.

Course Content The course will start with a brief history of the technique includ-

ing modern applications. Components of an ellipsometer and the methods of its

use will be described. The nature of polarized light will be discussed and on this
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basis the, function of the various components of the ellipsometer will be de-

scribed. The nature of the reflection of light will be discussed with a view toward

understanding the physical nature of the ellipsometric parameters
\f/

and A .

The relationship of
\f/

and A to the material properties of both bare and coated

surfaces will be described. Computational techniques for this purpose will be

outlined; in particular, the inputs and outputs of the NBS Fortran ellipsometric

program will be given along with the application to thin films on silicon. If time

permits, an advanced topic in ellipsometry will be presented.

Faculty: Henry T. Minden, Ph.D.

Sperry Research Center

04.750 Materials Identification- Instrumentation Methods and

Application

This applications-oriented course may help participants to select the appropriate

instrumental method for the qualitative and quantitative identification of physical

materials. Participants are encouraged to discuss work-related problems in quality

control, production, research, or development that involve materials identifica-

tion. Sessions at local industrial and university laboratories provide hands-on ex-

perience. Factors affecting instrumentation services, availability, and costs are

also discussed.

Course Content: Underlying concepts, sample preparation, operating proce-

dures, data analysis, and application of infrared, ultraviolet, and visible spectros-

copy, gel permeation and liquid chromatography, x-ray fluorescence, vapor

phase chromatography, and atomic absorption.

Faculty: Patrick L. Sciaraffa, Ph.D.

Director of Research and Development

Permuthane Company
Division of Beatrice Foods

Mr. Robert S. Cooley

Director of Technical Training

Waters Associates

Barry L. Karger, Ph.D.

Professor of Chemistry

Northeastern University

11 .720 Introduction to Electro-Optical Engineering

This course is intended for scientists and engineers involved in the design and

analysis of electro-optical systems. Underlying concepts and procedures for

evaluating system parameters in terms of sensitivity, resolution, and signal to noise

ratio are developed. Practical applications include remote sensing, scanning, and

photographic systems.
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Course Content Description of radiant flux in radiometric and photonnetric un-

its. Source description in terms of intensity, radiance, emittance, and emissivity.

Black body radiation and source detector interaction. Detectivity for practical

detectors and background limited photon detectors (BLIP). Preamplifier selection

and system detectivity. Noise equivalent flux density (NEFD) and noise equivalent

temperature. Paraxial properties of multicomponent lens system and ray tracing.

Impulse response and optical transfer function calculation and measurement.

Display devices, shades of gray and color specification.

Faculty: Mr. Faramarz Faramarzpour

Section Manager, Engineering Division

Polaroid Corporation



Materials Science

01.750 Ceramic Processing: Sintering and Hot Pressing

For engineers and technicians confronted with the problems of producing dense

polycrystalline ceramic materials. Underlying principles of each fabrication step

are described to enable participants to adjust their processes to achieve desired

materials characteristics.

Course Content Introduction. Basic phenomena: diffusion, defects, surface

energy, and structure. Powder characteristics affecting densification. Steps in the

sintering process, including cold forming methods such as isostatic pressing, ex-

trusion, and doctor blading. Standard ambient hot pressing, press forging, and

powder vehicle shape pressing. Microstructure characterization is presented with

emphasis on directing remedial adjustment of key process steps.

Faculty: William H. Rhodes, Ph.D.

Member, Technical Staff

GTE Laboratories

01.751 Crystal Growth Seminar
An in-depth look at the critical areas for control and optimization of crystal

growth processes is presented. The course surveys recent technological advances

and examines techniques for improved quality and yield. Work-related problems

are solicited from the class. The course consists of four segments: an introduction

to basic crystallography and techniques for characterizing crystals; growth from

the gas phase; the melt; and solutions. New or recently modified growth tech-

niques are also introduced. Topics are weighted to reflect class interests.

Course Content Crystallography and characterization techniques: an intro-

duction to some theoretical aspects of crystallography leading to a better under-

standing of crystal growth; discussion of experimental techniques required to de-

termine the quality of single crystals.

Growth from the gas phase: physical and chemical vapor deposition; thermo-

dynamics (chemical driving forces and supersaturation), kinetics (nucleation and

transport processes), advantages and disadvantages, applications (coatings, thin

films, single crystals, polycrystalline materials), materials (elemental substances,

simple oxides, semiconductors, complex materials), equipment (furnaces, vac-

uum systems, flow controls, hazardous materials).

Growth from the melt: Verneuii, Bridgman-Stackbarger, floating zone, heat ex-

changer method, gradient freeze technique, and edge-defined, film-fed growth.

Growth parameters for high melting point oxides are emphasized. Growth of eu-

tectics is covered and contrasted with the growth of single phase, single crystals.
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Growth from solutions: bulk crystals and liquid phase epitaxy (LPE), reasons for

solution growth (advantages, disadvantages), resultant crystal quality, thermo-

dynamics of solutions, kinetic concerns in solution growth, unique growth

equipment, processing controls, heating techniques, choice of solvents and con-

tainers, hydrothermal and high pressure crystal growth.

Faculty: Dennis J. Viechnicki, Ph.D., Course Coordinator

Supervisory Ceramic Research Engineer

Army Materials and Mechanics Research Center

Richard L. Gentilman, Ph.D.

Senior Research Scientist

Raytheon Company

JamesW. McCauley, Ph.D.

Supervisory Materials Research Engineer

Army Materials and Mechanics Research Center

William L. Robbins, Ph.D.

Research Scientist

Charles Stark Draper Laboratory, Inc.

01 .752 Properties & Application of Ceramics

For materials and design engineers, the application of ceramics based on an

understanding of their properties is emphasized. The course enables participants

to interact effectively with suppliers on specific applications and innovate designs

through the unique attributes of ceramics. New ceramic materials are surveyed.

Design techniques, selection criteria, and evaluation methods are described. Top-

ics are weighted to reflect class interest.

Course Content Introduction: bonding, crystal structure, defect structure, mi-

crostructure, and fabrication methods. Electrical and magnetic properties and ap-

plications: band structure, electrical conductivity, dielectric properties and mate-

rials, magnetic properties and materials for memory, microwave and permanent

magnet applications, piezoelectric properties and materials. Optical properties

and applications: passive optical properties, fundamental properties and laws,

color, thick and thin coatings, fiber optics, windows and active optical properties

to include lasers, non-linear optical materials, detectors, modulators, and optical

storage devices. Structural properties and applications: brittle behavior, plastic

behavior, composites, strengthening, fatigue, hardness, thermal shock, designing

to a stress level.

Faculty: William Rhodes, Ph.D.

Member, Technical Staff

GTE Laboratories

Richard M. Klein, Ph.D.

Member Technical Staff

GTE Laboratories
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01.753 Powder Metallurgy: Applications and Techniques

The selection and design of parts to be produced by powder metallurgy is dis-

cussed. The methods and procedures for producing sintered parts are covered in

sufficient detail to develop selection criteria and design guidelines. Materials and

processes used to attain unique or superior mechanical properties are described,

along with approaches to reducing overall manufacturing costs of components

and assemblies. Case studies and work-related problems submitted by partici-

pants are discussed. The course is intended for industrial, value, and design en-

gineers as well as technical managers.

Course Content Methods of making metal powders and the effects on part prop-

erties. Compacting powders mechanically, isostatically, and by slip casting. De-

sign limitations imposed by the compacting methods and equipment; problems

associated with compacting. Sintering of metal powder, effects of atmosphere,

time, and temperature on mechanical properties, and size change. Practical prob-

lems in sintering and effect on tolerances. Finishing operations: coining, heat

treating, and machining; effects on tolerances and properties. Estimating the cost

of sintered parts. Forging and hot isostatic pressing of powder preforms. Design

guidelines for press and sintered parts, forged parts, and hot isostatically pressed

parts. Numerous case studies.

Faculty: to be announced.

02.730 Corrosion Engineering and Materials Selection

For materials and design engineers, architects, process and maintenance en-

gineers, and others concerned with environmental effects of the properties of ma-

terials. Participants are instructed in the corrosion behavior of metals and alloys.

Diagnosis and solution of material failure problems is emphasized. Material selec-

tion criteria as well as test and evaluation methods are described. The course

assists participants in learning to select the most appropriate materials; anticipate

potential material failures due to corrosion in specific applications, and assess the

cost of corrosion protection measures.

Course Content Introduction: corrosion-rate expressions, electrochemical

mechanisms, polarization, Nernst equation, electrode potentials, and passivity.

Types of corrosion: uniform attack, crevice corrosion, pitting, intergranular corro-

sion, selective leaching, corrosion erosion, stress corrosion cracking, and hydro-

gen cracking. Environmental corrosion: fresh water and marine, atmospheric cor-

rosion of iron and other metals, corrosion of metals in soils; microelectronic cor-

rosion. Corrosion tests: purpose, types, interpretation of results. Treatment of

water and steam systems: heating and cooling. Corrosion prevention: by materials

selection, alteration of environments, design, cathodic and anodic protection,

coating, economics.
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Faculty: Alan W. Swanson, Ph.D., Course Coordinator

Senior Research Scientist

Research Division

Raytheon Company

Herbert H. Uhlig, Ph.D.

Professor of Metallurgy Emeritus

Massachusetts Institute of Technology

Robert Baboian, Ph.D.

Manager, Corrosion Laboratory

Texas Instruments, Inc.

Mr. Aaron C. Der Marderosian

Manager, Instrumentation Section

Sudbury Facility

Ratheon Company

J. PaulPemsler, Ph.D.

Director of New Technology

E.I.C. Corporation

04.751 Applications & Properties of Polymeric Materials

Organic polymers are surveyed relating physical properties to molecular struc-

ture. Material selection, design procedures, and fabrication methods are covered

to enable the participant to optimize all phases of component design. Reliability

and inservice behavior are examined, and cost trends in polymers are discussed.

Course Content Introduction to polymer chemistry, polymer selection. Fabrica-

tion methods: machining, injection molding, casting, blow molding, extrusion,

calendering, forming, and finishing techniques. Designing with polymers. Physi-

cal properties: stress, strain, elasticity, hardness, toughness, fatigue, thermal, elec-

trical insulation and conduction, and optical. Chemical properties: resistance to

organic solvents, acids, caustic and chemical compounds. Inservice behavior,

failure modes, new materials, composites, foams and expanded polymers, and

cost considerations.

Faculty: Patrick L. Sciaraffa, Ph.D.

Director of Research and Development

Permuthane Company
Division of Beatrice Foods



Computational Sciences,

Data Processing,

and Systems Programming

03.701 Introduction to Compiler Design

The underlying principles of compiler design are introduced. The relationships of

a compiler to other computer system components (both hardware and software)

are described. A compiler for a PASCAL subset is used as a discussion model;

however, the general design principles are equally applicable to other higher level

languages (COBOL, FORTRAN, BASIC, PL/1). All pertinent PASCAL language

elements are developed in class, and comparisons of commonly used language

compilers are made. Recommended for application and systems programmers

interested in the development of compiler components and data structures, gen-

eral design principles, common compiler problems, and compiler/operating sys-

tem interfaces.

Course Content Introduction to compilers. Human compilation of several lan-

guage elements. Lexical analysis. Syntax analysis. Storage allocation. Semantic

analysis. Error diagnosis, correction, and recovery. Object code generation. Sym-

bol tables (identifier table, name table, etc.). Internal compiler interfaces. Com-
piler tradeoffs. Operating system interface of both compiler and object code.

Major language considerations in general compiler designs. Complete compiler

flow. Compiler construction tools. Comparison of compiler architectures: batch,

interactive, and incremental compilers. Compiler vs. interpreter. Compiler project

management. Summary: elements of a good compiler.

Faculty: to be announced.

03.751 Packet-Switching Computer Networks
Packet-switching computer networks have emerged recently as an important ele-

ment in advanced telecommunications systems for commercial and government

applications. Packet-switching computer networks combine minicomputer

technology with high-speed circuits to provide extremely reliable and cost-

effective data communications for time-sharing access, RJE, and computer-to-

computer communications. Minicomputers are used to correct transmission er-

rors, control alternate routing of data, and allocate channel bandwidth dynami-

cally on a demand basis.
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This course concentrates on the fundamental issues and practical considera-

tions in the design and analysis of packet-switching computer networks. The

pioneering effort in the area, the ARPA Network, is used as a major example

throughout the course. Other networks are also discussed as appropriate. This

course is intended for computer scientists, systems analysts, communications en-

gineers, and managers who wish to gain an understanding of how packet-

switching networks operate, how they can be used, and the tradeoffs involved in

their design. A general knowledge of computer systems is assumed.

Course Content Evolution of the concept of computer networking. Explanation

of packet-switching and ARPANET technology. Network performance: delay,

throughput, reliability, and cost. Node-to-node transmission algorithms and link

control procedures. Routing strategies. Network layout: the problem and selected

algorithms. Subscriber computer interfacing issues and protocols. Methods of

providing direct terminal access to the networks. Network monitoring and con-

trol. Error recovery procedures. Design of the nodes (communications pro-

cessors). Packet-switching software. Resource-sharing and distributed computa-

tion. Satellite-broadcast communications. Considerations in the design of very

large networks. Network interconnection issues.

Faculty: John M. McQuillan, Ph.D.

Manager, Systems Analysis Department

Bolt, Beranek and Newman, Inc.

Ira Richer, Ph.D.

Senior Computer Scientist

Bolt, Beranek and Newman, Inc.

09.721 Common Data Base Systems

An introduction to the concepts and technology of data base systems. Commenc-
ing with a review of user requirements leading to the development of generalized

systems, the course examines the concepts of tree and network structured files,

end user languages, and data description languages. The work of the CODASYL
data base committees and the current state of standardization in the area is de-

scribed. Several implementations of generalized data base systems are examined

and contrasted, including the Honeywell IDS, IBM IMS, Cullinane IDMS, Cincom
TOTAL, and Informatics Mark IV. The internal design of data base systems includ-

ing control structures, buffer management algorithms, set implementation tech-

niques, and mass storage block layouts is discussed. Design and programming of

applications using data base systems is discussed.

Suitable for the EDP manager in helping to provide a basis for evaluating and

comparing competing data base systems. It also may be useful to programmers

and systems analysts who desire an overview of data base technology, possibly as

preparation for learning a specific system.
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Faculty: Dennis S. Ward
Manager, Data Management and Communications Department

Honeywell Information Systems, Inc.

09.722 Minicomputer Systems: Organization and Programming

The application and use of minicomputer systems are explored by studying the

PDP-11's organization and structure. This fully developed case study illustrates

the fundamentals of minicomputer programming from the bootstrap loader to the

system software. Assembly language-programming techniques are discussed. De-

scription of data structures includes processing of arrays, stacks, shelves, queues,

and linked lists. Programs describing these data structures in practice are pre-

sented. I/O programming for tape and disk storage units as well as interrupt pro-

cessing are described. An operating system suitable for minicomputers is detailed.

Course Content Computer fundamentals: computer machines and organiza-

tion, number systems. Boolean algebra, and logical function. Fundamentals of

programming: programming phases, program documentation and coding,

functions of the symbolic assembler, symbolic programming example, and ad-

dressing modes. Organization and structure of the PDP-1 1 : block structure of the

PDP-11, instruction format, use of the PC as a general register, and PAL-II as-

sembler. Programming techniques: position independent programming, jump in-

structions, subroutines, carry and overflow, fixed and floating point numbers,

byte handling, and character codes. Introduction to data structures: arrays, stacks,

shelves and queues, lists, assembly process, and data structures in practice. I/O

programming: basic I/O programming and operations of the PDP-1 1, basic device

fundamentals, initial load problem, tape and disk storage units, priority interrupt

programming, buffering and blocking, and I/O programming systems. System

software: editor, macro assemblers, the loader, and debugging techniques.

Operating systems: components of a disk operating system, batch and time-

sharing systems, real-time control systems, data-based systems, and computer

communication system.

Faculty: Paul C. Barr

Manager, Advanced Processing Techniques and

Systems Department

Raytheon Company

09.725 Computer Science Seminar
The difficulty of establishing a unified systems approach to digital computers is a

principal problem in computer science. The advent of complex software operat-

ing systems, advanced hardware structures, and demanding applications has

further complicated this problem. New techniques are needed to portray digital
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computer systems realistically over a broad spectrum. These weekly lectures con-

ducted by leading contributors present the techniques, considerations, and means
necessary for understanding the full significance of digital computer systems

within a practical framework. The program is intended for professionals, actively

engaged in computer systems development, who are seeking a comprehensive

treatment of the current and future status of digital computer technology.

Faculty

Coordinator: Michael J. O'Sullivan

Engineering Specialist

GTE-Sylvania, Inc.

09.730 Software Engineering for Hardware Designers

This intensive course presents the relevant aspects of software engineering for

hardware designers who seek to bridge the computer software/hardware gap. Ini-

tially, the basic principles of computer systems and computer systems program-

ming are introduced. The course then addresses the full spectrum of systems prog-

ramming activities, including the use and implementation of assemblers, macros,

loaders, compilers, and operating systems. Each of these components is discussed

in detail and pertinent design issues are exposed, thus demonstrating the realistic

possibilities for software engineering tradeoffs.

The concepts introduced in the course are presented within the context of

modern operating systems and computer languages such as PL-1 and PASCAL. A
familiarity with programming is helpful, but not prerequisite to participation.

Course Content Overview of course including machine structure, evaluation of

the components of a programming system, and evaluation of the operating sys-

tem. Details of machine structure, machine language, and assembly language

using the IBM 360/370 architecture as a model. The design procedure for an

assembler is detailed, including the various searching and sorting techniques for

table processing. The macrolanguage and the macroprocessor features and im-

plementation are discussed. Various loader schemes are presented, including the

design of an absolute loader and a direct-linking loader. In the discussion of com-
pilers, a general model is presented with features like those contained in block-

structured languages such as PL-1 and PASCAL. Details of the operating system

for a large scale data processor are presented.

Faculty: Paul C. Barr

Manager, Advanced Processing Techniques and

Systems Department

Ratheon Company
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09.732 Communications in Distributed Computer Networks
A comprehensive study of the architecture and technology used in distributed

minicomputer networks is presented. Cost effective organizations of minicompu-

ter networks are emphasized to include network topologies, communication pro-

tocols, and systems software.

The course is intended for system designers and users of multicomputer net-

works, as well as those anticipating the use of these techniques. Familiarity with

the use and basic design of small computers is assumed.

Course Content Process-structured design and interprocess communication

mechanisms. Comprehensive analysis of network topologies. Communication

protocols including SDLC and X25. Operation of loop and ring networks. Conten-

tion networks including both local and broadcast satellite applications. A study of

several experimental networks.

Faculty: David L. Nelson, Ph.D.

Director of Research

Prime Computer, Inc.

09.741 Software Factory for Minicomputers & Microprocessors

A major problem facing a designer of a minicomputer or microprocessor based

system is the method of programming. The choice of machine language, assem-

bly language, or a higher-level language is not straightforward, but highly depen-

dent on budget, schedule, and support software availability. The multiplicity of

minis and micros further compounds the issue with incompatibility of software

methods and procedures. Consequently, a synthetic environment where software

development and implementation can be performed on a host computer for di-

verse target computers is not only practical but necessary. This environment is a

software factory.

Course Content Software factory architecture and implementation, cross

assemblers/compilers, cross linkers, macro assemblers, translators, instruction

simulators, debug packages, host-target down loading, cross product software

packages, use of appropriate operating systems-time sharing networks, file

maintenance and transference, data base organization, minicomputer-

microcomputer interfaces. Among the mini-micro vendors considered are DEC-

PDP11, 8; Data General-Nova series; CRI-900 series; lntel-8000, 4000 series;

Motorola-6800; National Semiconductor; Zilog and Texas Instruments.

Faculty: Mr. Michael J. O'Sullivan

Engineering Specialist

GTE-Sylvania, Inc.
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09.750 Advanced Hand-Held Calculator Workshop
This workshop is intended for electrical engineers and others who wish to gain

the sophistication necessary to use scientific, programnnable calculators in solving

the problems confronting them. The workshop is devoted to calculators employ-

ing the algebraic method of entry and offering advanced features and program-

ming capabilities including magnetic card recording. In the workshop, current

and potential programmable calculator users will have the opportunity to learn to

write short programs quickly for simple repetitive calculations; to write and re-

cord longer, recursive multi-level programs; and to develop programs aimed at

ease of program writing, program step economy, short running time, and/or user

convenience. Calculator capabilities, beyond those ordinarily described in man-

ufacturers' literature, and alternatives to the programming methods contained in

the literature and that best suit user purposes will be presented. Calculators and

computers employing algebraic entry, RPN, Fortran, etc., will be compared and

discussed. Participants may develop confidence in the use of calculators through

discussion of underlying theory of operation interwoven with class exercises and

optional out of class assignments. Participants in the course must have a working

familiarity with algebra and trigonometry, and preferably calculus. Previous cal-

culator experience is desirable, but not prerequisite.

Course Content General theory of calculator operation-the TI58/59 as an

example. Comparison of calculators and computers: algebraic, RPN, Fortran, etc.

Manual calculations: mathematics, data storage, register arithmetic, hierarchy,

sequence pitfalls, undisplayed digits, creation of single button functions. Prog-

ramming: simple routines, labels, subroutines, branching, pitfalls. Recording and

using recorded programs. User-assistance routines: loading and reading data,

prompting. Planning and documenting: flow-charts, listings, descriptive text.

Meeting objectives: ease of preparation, program step economy, short running

times, data register economy, user convenience. Vectored processing: stacking

digits, values, and address pointers. Separable sequences, manual interruption.

Use of flags, overlaying and filtering program segments. Data storage on magnetic

cards. Useful sequences, normally unprogrammable codes.

Faculty: John E. Allen

Consultant

Chester L.Smith, Ph.D.

Engineering Specialist

GTE-Sylvania, Inc.

09.760 Digital Simulation Programming Languages
This course offers instruction in a broad and highly functional treatment of digital

simulation programming languages and their application for analysts, engineers,

programmers, and managers. Not limited to a single technique or language, it

introduces simulation language structures and application suitability, and demon-
strates problems solved by several simulation languages.
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Course Content Theory, structure, and organization of digital computer simula-

tion languages for both discrete and continuous systems. Comprehensive study of

simulation languages with programmed examples for GPSS, SIMSCRIPT, SIMPLI,

CSMP, CSSL, GASP, DYNAMO, and others. Selection and suitability of these lan-

guages for specific applications, with interpretation and analysis of results. Cur-

rent and future uses of these languages and advances in simulation software pac-

kages.

Faculty: Michael J. O'Sullivan

Engineering Specialist

GTE-Sylvania, Inc.

1 0.700 Applied Statistics

This course focuses on statistical techniques and their application to problems

encountered in the sciences, engineering, and management. The development of

statistical techniques, the essential physical meaning of statistical tests and exper-

iments, and their correct selection and application are emphasized. The course

includes: statistical tests of most frequent use; design and analysis of experiments;

use of computers in statistical analyses; and decision theory and its applications.

Proper sampling design and experimental design are topics of basic importance;

these and their related statistical tests are discussed and illustrated as they occur in

actual practice. The course methodology and techniques apply directly to areas

such as: industrial testing, process development, and quality control; laboratory

experimentation; demographic and social group evaluation; and the testing of

aggregates of any sort. A previous course in statistics is not prerequisite. However,

prior to the course, participants should familiarize themselves with elementary

probability and descriptive statistics to the level provided by introductory chapters

of a basic text in statistical methods.

Course Content Discussion of probability and descriptive statistics. Sampling

design, confidence intervals, hypothesis testing, tests of significance. Analysis of

variance. Design of experiments. Regression and correlation analysis. Non-

parametric tests. Decision theory. Application to problems of class interest.

Faculty: Paul W.Cooper
Consultant

10.760 New Techniques for Wave Propagation Problems with irregular

Boundaries
For engineers, scientists, and applied mathematicians, this course describes, in a

unified way, recently developed methods for attaining analytical or numerical

solutions to hitherto intractable boundary-value problems involving waves prop-

agating in the presence of irregular boundaries. The methods are applied to prob-



COMPUTATIONAL SCIENCES / 47

lems of transmission, reflection, and scattering of acoustic, matter, electro-

magnetic, and elastic waves from regions or objects of arbitrary cross-sectional

shape (single scattering), and to the problem of an ensemble of such scatterers

(multiple scattering). The methods will be applied to propagation in the presence

of periodic structures and to the problem of electromagnetic waves in fiber-

optic guides of arbitrary cross-sectional shape. Emphasis is on obtaining practical

and sufficiently accurate approximate answers, rather than "exact" but possibly

unwieldy ones. A working knowledge of calculus and some familiarity with ordi-

nary and partial differential equations is assumed.

Course Content Review of physical principles underlying the wave equations

for acoustic, electromagnetic, and elastic waves. Time-harmonic waves. Green's

theorems and the Kirchhoff-Huygens principle. Equivalent integral equations and

extended boundary conditions. Convenient methods of solution. Low-frequency

limits. Effects of symmetry and energy conservation. Perturbative and iterative

techniques. Efficient computer procedures. Application to multiple boundaries.

Stress is placed on the fundamental unity underlying all of these problems. Spe-

cific topics are chosen to fit class interests.

Faculty: Leonard Eyges, Ph.D.

Research Physicist

Rome Air Development Center

U. S. Air Force

Peter Waterman, Ph.D.

Physics Consultant

Panametrics



Electrical Engineering

03.702 Principles of Bit-Slice Microcomputer Design

03.742 Bit-Slice Microcomputer Design and Application

With the advent of high-speed, bit-sMce LSI integrated circuits, a special-purpose

microcomputer may readily be structured using a minimal number of compo-

nents. This two-semester course covers the design of special-purpose micro-

computers for applications vy/here off-the-shelf, single-chip LSI microprocessors

do not meet performance requirements. Part I considers the design of micro-

computers, including a survey of available integrated circuits, architectural con-

cepts, hardware-software tradeoffs, and logic design. A knowledge of combinato-

rial and sequential logic, as well as flowcharting techniques, is assumed.

Part II presents firmware design and debugging techniques. Fully developed

case studies are used to illustrate course content. This is a continuation of course

03.702 and assumes a thorough knowledge of its content.

Course Content Part I: Hardware survey of bit-slice integrated circuits. Micro-

computer architectures and hardware-software tradeoffs, including word length,

instruction set, speed, dissipation, and hardware complexity. Hardware design,

including chip selection, branch logic, data path and 1/0 selection logic, interrupt

logic, and PROM and RAM logic.

Part II: Firmware aids and support, including assemblers and simulators.

Firmware design, including assembler characterization, straight-line program-

ming, subroutines, running time, real-time timeouts, timesharing, indirect ad-

dressing, offset addressing, and paging. Hardware and firmware debugging, and

test programs and methods.

Faculty: Mr. Jeffrey M. Bram

Principal Engineer

Raytheon Company

03.721 Microwave Systems Engineering

Important criteria involved in planning and engineering a microwave communi-

cation system is explained in a technical manner. Emphasis is placed on the mic-

rowave equipment and propagation characteristics. Bandwidth information rate

and simple consideration and spectra are discussed. In-depth treatment of specific

topics is provided on request.

Course Content The fundamentals of guided and unguided wave propagation

are reviewed in preparation for calculations of path loss between terminals. The

phenomena of refraction, reflectors, and ducting multipath are described. The

effects of weather, fading, etc., are discussed with respect to diversity compensa-

48
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tion. Antennas and other microwave devices are analyzed and design methods

indicated; modulation and coding are considered if time permits.

Faculty: Leon J. Ricardi, Ph.D.

Group Leader, Antennas & Propagation

Lincoln Laboratories

Massachusetts Institute of Technology

03.722 Data Acquisition Systems I

The first part of a two-semester course covering the problems and techniques

involved with sensing analog situations, preconditioning, multiplexing, sampling,

and quantizing data for digital storage or computer processing. Consider system

and hardware concepts from the analog input through A/D conversion. Principles

of sampling theory and data system parameters affecting the sampled signals are

discussed, as are the techniques for specifying equipment and understanding

existing specifications.

Course Content Basic sampling theory aliasing or frequency folding, time av-

eraging, frequency resolution, aperture, accuracy, amplitude resolutions, mono-

tonicity, differential and integral linearity, stability, differential and common mode
noise, signal conditioning, analog multiplexing, and quantization. Scanners, mul-

tiplexers, transducers, data amplifiers, operational amplifiers, and A/D converters.

Emphasis is on the establishment of system requirements and their relation to

equipment parameters.

Faculty: Mr. Arnold H. VanDoren

Manager, Computer Systems Department

Raytheon Company

03.723 Data Acquisition Systems II

Part two examines the many aspects of the digital side of the data acquisition

system. After reviewing semester one, topics such as error analysis, D/A conver-

sion, digital circuitry, timing and control, storage units, output devices, com-
puters, and basics of system design are discussed. Emphasis is on the role of

minicomputers and microprocessors in data acquisition systems. The prospect of

microprogramming a data logging system is considered. The establishment of sys-

tem requirements and their relation to equipment parameters is discussed so that

participants have the opportunity to learn to specify and design data acquisition

systems.

Course Content Review of semester one; D/A converter types, ladder networks,

multi-channel D/As, error analysis, logic circuit types (TTL, ECL, MOS), logic

symbology, SSI, MSI, LSI, timing and control, data formats, operating modes, data

multiplexing, real-time and time-of-day clocks, house-keeping characters, record-

ing codes, storage units, teleprinters, paper tape punches and readers, magnetic

I
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tape units, card punches, line printers, displays, minicomputers, microprocessors,

software, system design concepts, flowcharting functional logic development,

and physical layouts. /

Faculty: Mr. Arnold H. VanDoren

Manager, Computer Systems Department

Raytheon Company

03.725 Electronic Systems and Signals I

The first of two courses dealing with fundamental concepts of the operation of

complex electronic systems. Even though these concepts are few in number and

extremely powerful, the interrelationships and short cuts in their application are

often unclear to engineers.

The objective of this course is to develop a thorough understanding of the

ways signals are characterized and a familiarity with time-frequency domain

transform techniques. The development in each course is such that no mathemat-

ical preparation beyond elementary calculus is required. Emphasis is placed on

the easily remembered "tricks" associated with the application of basic princi-

ples, rather than rigorous mathematics.

Course Content Means of characterizing pulse, periodic, and random signals.

Time and frequency domain transformations, including the fast Fourier transform.

Measurement of power density spectra. Introduction to linear systems.

Faculty: Richard W. Bush, Ph.D.

Member, Technical Staff

Lincoln Laboratory

Massachusetts Institute of Technology

03.746 Electronic Systems and Signals 11

This course examines the effect of linear and non-linear systems on signals and

develops the principles of feedback, cross correlation, and the matched filter. The

presentation assumes that participants have taken 03.725 or have a working

knowledge of elementary calculus and signal characterization techniques for the

time and frequency domain.

Course Content Effect of linear and nonlinear systems on signals. Flow graphs

and feedback fundamentals: Communication system fundamentals, including

modulation, multiplexing, correlation, and the matched filter.

Faculty: Richard W. Bush, Ph.D.

Member, Technical Staff

Lincoln Laboratory

Massachusetts Institute of Technology
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03.733 Microwave Components & Antennas

The underlying engineering design and operating principles of microwave com-

ponents and antennas are presented. Emphasis is on the functional aspects of

these devices. The class is conducted in a lecture/workshop format, and work-

related problems are solicited from participants.

Course Content Review of applicable transmission line theory, modal analysis,

and use of Smith Charts. Presentation of operating principles and design proce-

dures for: rotary joints, diplexers, cavity filters, switches and couplers, dipoles and

array antennas, reflector and optical antennas, horns, tracing antennas, and satel-

lite rf systems.

Faculty: to be announced.

03.740 Microprocessor Devices & Systems

For engineers and programmers, this course surveys the architecture of available

microprocessors and develops the methodology for selecting microprocessors

and their associated chip families. Computer architecture, 1/0 operation, and in-

struction sets are covered. The intelligent CRT terminal is presented as a design

example. Participants have the opportunity to learn to evaluate microprocessors

for specific applications. Knowledge of digital logic and system design techniques

is assumed.

Course Content Computer organization and operation, instruction sets, 1/0

memory, DMA, interrupts, and arithmetic operations. Programming micro-

processors. Comparative presentation of the architecture, instruction set, and 1/0

devices of several well-known microprocessors having unique orientations.

Faculty: Mr. Ephraim Gitelman

President

Computek, Incorporated

03.741 Thermal Design of Electronic Systems

In recent years, thermal design techniques have been challenged by the large

increases in power density resulting from advances in the technology of circuit

components and devices. The application of these components and devices poses

problems of temperature control that are crucial to the operating reliability of the

systems in which they are installed. This course presents an overview of contem-

porary thermal control problems in electronic systems, with emphasis on the prac-

tical aspects of thermal design and analysis. Ambient and vacuum conditions of

operation are covered in the course and techniques of problem solution are

stressed. A sufficient amount of underlying theory and discussion of the governing

principles of heat transfer will be included.

The course is designed primarily for technical managers, electronic en-

gineers, packaging engineers, mechanical engineers, and technicians in the elec-

r
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tronics industry. Participation in the course assumes working familiarity with elec-

tronic systems, circuit components and devices, and a physics and mathematics

background equivalent to the first two years of a college science or engineering

curriculum.

Course Content Fundamentals: heat flow, conductivity, contact resistance, free

and forced convection, phase change, radiation, thermal network analogy, ther-

mal environments. Thermal characteristics of electronic components: allowable

temperatures, internal and external heat transfer, operation in ambient and vac-

uum environments. Cooling Techniques: heat sinks, fans and blowers, heat ex-

changers, pressure drop considerations, cooling by phase change, heat pipes,

cooling in spacecraft environment. Testing and measurement techniques: temper-

ature monitors, airflow measurements, test models.

Faculty: David M. Nathanson

Staff Member
Lincoln Laboratory

Massachusetts Institute of Technology

03.743 Advanced Concepts in Digital Signal Processing

The successful application of signal-adaptive techniques and the rapid progress in

charge-coupled device ((CCD) fabrication provide two examples of recent exten-

sions of discrete time signal-processing technology. This course provides a deeper

understanding of digital filter and FFT techniques, assesses the impact of CCDs on

signal processing implementation, and introduces signal-adaptive processing

methods. Familiarity with the fundamentals of digital signal processing is re-

quired.

Course Content Digital filters for smoothing and interpolation: infinite-

impulse-response (IIR) and finite-impulse-response (FIR) designs. Mixed-radix,

parallel, and pipeline FFT algorithms; properties of hardware and software FFT

processors. FIR filter realization with CCDs; the chirp Z-transform and CCD reali-

zation of the discrete Fourier transform. Signal-adaptive techniques: system

modeling and linear predictive coding using inverse filtering and Parcor algo-

rithms; high-resolution spectral analysis. Ladder structures and wave digital fil-

ters. Introduction to multidimensional filters and transforms.

Faculty: John J. O'Donnell, Ph.D.

Senior Scientist

CNR, Incorporated

03.744, 03.745 Introduction to Electricity, Circuits, and Machines I & II

This two-part program covers the underlying principles of electricity and the

operating characteristics of electrical components and machines. Equipment

specifications and selection criteria are covered. Numerous examples are used to
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illustrate key concepts. Work-related problems are treated in class. Commonly
used devices are demonstrated in laboratory sessions or field trips. Part II assumes

working knowledge of content in first course.

Course Content Part I: Electric current, resistance, and voltage. Ohm's Law.

Series and parallel circuits. Wire gauges and measurements; temperature coeffi-

cients; line drop, Kirchhoff's Laws. Electrical and mechanical power, line loss.

Alternating current: generation, frequency, current, voltage, and phase. Electrical

measurements: instruments and techniques.

Part II: Magnetism; electromagnetic induction. Direct-current generators,

motors, and controls. Single- and three-phase circuits; transformers and regu-

lators. Alternating-current generators; polyphase induction, synchronous, single-

phase motors. Circuit protection and switching equipment. Electronic devices.

Meters. Topics are weighted to reflect class interests.

Faculty: to be announced.

03.747 Introduction to Electronic Devices

For technicians and others interested in an introduction to the principles underly-

ing the operation, measurement, and application of electronic devices. The

capabilities and limitations of each device are illustrated through demonstrations

and case studies of applications. Familiarity with electric circuit fundamentals is

desirable.

Course Content Introduction to intrinsic and extrinsic semiconductor material,

forward and reverse biasing a pn junction, applications of rectifying and zener

diodes. Bipolar junction transistors, including biasing, large and small signal op-

eration, power and multistage amplifiers. Introduction and applications of junc-

tion field-effect transistors. MOSFET and CMOS circuits, unijunction transistors,

silicon-controlled rectifiers and triacs. Unregulated and regulated power supplies.

Faculty: to be announced.

03.752 Low-Cost Microprocessor Applications

This how-to course for engineers and programmers provides instruction in practi-

cal design rules for hardware implementation of microprocessor systems and may
assist participants in developing the programming expertise necessary to imple-

ment any microprocessor system. Students in the course are offered the opportu-

nity to acquire hands-on experience and to participate in a variety of class proj-

ects representing simple to complex examples of microprocessor system design

and programming. Each project is structured to include an initial problem defini-

tion phase followed by system concept development, flow-charting, actual

hardware design, and program implementation in the form of program writing,

entry, execution, and debugging. Participants thus receive instruction in all phases

of system design and programming, from concept to production, and may de-

velop the necessary understanding to design and program all current, commer-

cially available microprocessors. Participation in the course assumes a working

knowledge of logic design and microprocessor architecture.
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Course Content Review of microprocessors, with hardware and software em-

phasis on the F-8 microprocessor; hands-on experience with microprocessor kit

and full-blown development systems; class projects, including cassette and paper

tape reader/interfaces, process controller, burglar/fire alarm for the home, and

floppy-disk controller.

Faculty: RobertJ. Ravenstein

Eastern Group Manager

for Computer Products

Kierulff Electronics

03.753 Advanced Topics in Network Design

This course has been developed to meet the needs of professionals seeking in-
!

depth instruction in important topics related to the design and operation of com-
j

puter networks. The course approaches the subject through a detailed considera- !

tion of specific subproblems encountered in the overall design of computer/

communications networks. Individual design problems are treated from both a

theoretical and practical standpoint in order to provide the background necessary
j

to develop and understand workable solutions.
,

Theoretical discussion of topics in the course requires a working knowledge
!

of basic calculus and probability theory. In addition, participants must have \

completed course 09.732, Communications in Distributed Computer Networks, i

or course 03.751 , Packet-Switching Computer Networks, or have equivalent work

experience.
j

Course Content Specific topics to be covered include: network performance, :

queueing analysis, satellite and radio networks, network routing, topological op-
j

timization, network measurements, reliability considerations, and large networks.

Additional topics may be introduced according to participants' interests.
j

Faculty: Ira Richer, Ph.D.
j

Senior Scientist i

Bolt, Beranek and Newman, Inc.

John M. McQuillan, Ph.D. i

Manager, Systems Analysis Department i

Bolt, Beranek and Newman, Inc.

09.701 Survey of Small Computer Architecture

The fundamental principles of computer architecture and their application toward

the design of small computer systems is presented. The impact of new and existing

technologies on architecture is covered with emphasis on the design and applica-

tion tradeoffs of microprocessors and several popular minicomputers.

Course Content An overview of architectural concepts and how they relate to

organization and implementation techniques. The impact of both existing and
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emerging technologies as well as a brief history of present day technologies. Mi-

croprocessor architecture with emphasis on design tradeoffs that affect their prac-

tical applicability. A comprehensive covering of architectural principles of com-

puter systems, including: process structured design, memory hierarchies, multi-

computer organizations, software, virtual machine emulation. A comparative pre-

sentation of several popular minicomputers, and state-of-the-art concepts for fu-

ture generations of small computers.

Faculty: David L. Nelson, Ph.D., Course Coordinator

Director of Research

Prime Computer Corporation

C.Gordon Bell

Vice President of Engineering

Digital Equipment Corporation

Professor of Computer Science (on leave)

Carnegie-Mellon University

Gardner Hendrie

Manager of Systems Engineering

Data General Corporation

09.712 Fundamentals of Digital Signal Processing

The increasingly wider application of digital circuitry and new signal-processing

techniques has changed the design methodology for communications transceivers

and modems, vocoders, radars, sonars, and other real-time signal processors.

These same new signal-processing techniques are also being used on general

purpose digital computers for engineering system simulation and for spectral and

statistical analysis of experimental data. Central to these signal-processing tech-

niques are the concepts of digital filtering and the fast Fourier transform. In this

course, the major emphasis is on the application of discrete time methods to

continuous time processes. A familiarity with continuous time signal and systems

analysis constitutes the necessary background.

Course Content Properties of sampled signals and systems; quantization effects

in A/D conversion. Digitaiization of analog filters by ordinary and bilinear

Z-transforms. Interpolation methods and D/A distortion. Introduction to the dis-

crete Fourier transform and the FFT algorithm. Fast convolution and finite impulse

response digital filters. Effects of finite word length.

Faculty: John J. O'Donnell, Ph.D.

Senior Scientist

CNR, Incorporated

09.723 Computer/Communications Systems

This course is designed to help provide an overview and comprehensive introduc-

tion to the diverse concepts, elements, and applications of computer/communi-
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cations systems commonly referred to as teleprocessing and distributed process-

ing. The course organizes and presents the various aspects of computer/com-

munications systems, with emphasis on the various system elements and their

relationship to the overall system configuration. The scope of the course includes

maxi-, mini-, and microcomputer systems and their interactions, with discussions

centering on system concepts, hardware/software elements, and system architec-

ture. Case studies of commercial applications are presented and discussed, as

well as difficult to obtain data and informational specifics gathered from scattered

sources. As course objectives, participants should work to gain an improved abil-

ity to compare and evaluate the relative merits of various system approaches and

to define and establish criteria for hardware, software, and system selection.

Participation in the course assumes a general, working familiarity with elec-

tronic data processing systems or a background in system hardware or software.

The course is structured to meet the needs of systems analysts, data processing

managers, and engineering and data processing personnel involved in the

analysis, design, implementation, and marketing of data communication/telepro-

cessing/distributed processing systems.

Course Content Introduction to computer/communication systems; teleproces-

sing and distributed processing concepts; terminology; system building blocks in

terms of hardware and software; functional applications; system architecture

common carrier facilities and offerings; computer networks; packet switching;

systems performance/analysis; and future trends in communications-based sys-

tems.

Faculty: Joseph R. Smyjunas

Product Marketing Manager

Incoterm Corp.

Charles E. Newcomb
Senior Engineer, Data Systems Division

Raytheon Company

09.743 Introduction to Computer Microprogramming and Emulation

The need to rewrite existing software programs to meet the requirements of new-

generation computer systems is a subject of increasing concern to computer sys-

tems users, programmers, and designers. An effective approach to minimizing or

eliminating program rewriting in new hardware conversion situations is found in

the combined application of microprogramming and emulation techniques. This

approach is workable because the microprogramming of general purpose and

other computers involves essentially similar concepts, and because all computers

are, fundamentally, "interpreters." One benefit derived from the microprogram-

emulation approach is the ability to obtain "more than one model per instruction

set" and "more than one instruction set per computer," thus providing the capa-

city to run existing software programs on a new computer without program

modification.
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Course Content and Methodology The course introduces and explores the prin-

ciples, techniques, and advantages of microprogramming and emulation, and

their coordinated application to the creation of software programs compatible

with computers of varying nature. Presentation of the subject is based on a

thorough, ongoing examination and clarification of the complex relationships

existing among programs, computers, and modern methods of implementation.

Notably, the course and course text incorporate a translator and simulator to ena-

ble students to write programs that will be executed at the University computer

facility. The basics of computer operation are explored in the course through

direct observation of primitive microfunctions necessary to control a computer's

operation. Microprograms for simple logical structures are developed and de-

signed to illustrate the use of writable control store (ROM) as a replacement for the

random logic used in digital systems. A design controlled by a single program

illustrates the application of common hardware to perform multiple, diverse tasks.

Discussion of the subject of emulation includes detailed consideration of relevant

microprogramming techniques. The design of a simple emulator is considered,

and the related emulator microprogram is analyzed in detail. Principles of emula-

tion for arithmetic (fixed point and floating point operation) are discussed. Finally,

the design of an interpreter, using the Burroughs-D machine as an example, is

detailed.

As a vehicle for writing control programs, the architecture of a traditional single-

address computer adopting the 2900 Bit-Slice Microprocessor family is described.

To help provide the student with a clear understanding of the machine organiza-

tion, the arithmetic element, sequencer, and logic for next address generation are

connected. A "Zeroaddress," stack-oriented architecture is then designed to

further illustrate microprogramming ideas. Finally, an architecturein the form of a

"real" machine is considered. This architecture, the Burroughs-D machine, repre-

sents sufficient complexity to help provide practical insight into the details and

subtleties of microprogramming.

Faculty: Paul C. Barr

Manager, Advanced Processing Techniques and

Systems Department

Ratheon Company

09.744 Principles of Combinatorial & Sequential Digital Logic

The techniques of digital logic as applied to the analysis and design of digital

systems are the main focus of the course. Prior formal training in digital circuitry is

not prerequisite as the initial lectures of the course provide instruction in all the

necessary informational background on topics such as number systems, codes.

Boolean algebra, and minimization techniques. Available logic devices, including

the microprocessor as a system component, are analyzed. The principles of syn-

chronous and asynchronous logic design are presented, emphasizing their practi-
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cal application in meeting system requirements. Design principles are extensively

illustrated by discussion of numerous examples.

Course Content Fundamentals of computer operation; number systems; codes;

boolean algebra; minimization techniques; basic building blocks of digital logic,

including the microprocessor as a logic element; NOR and NAND logic; counters

such as synchronous, shift, Johnson, cascade binary counters v/ith feedback, and

gateless counters; sequential logic, state diagrams, reduction of state diagrams,

secondary state assignments; asynchronous logic.

Faculty: Paul C. Barr

Manager, Advanced Processing Techniques and

Systems Department

Ratheon Company

09.745 Introduction to Programming and Problem Solving with PASCAL
Recent technological advances in the development of computer hardware have

altered the balance of the hardware/software effort in relation to the total com-

puter system effort. Currently, the cost of computing is clearly dominated by the

cost of software, and it is becoming increasingly necessary that modern program-

ming practices and high-order languages (FHOL) be used in the development of

software, regardless of the size of the computer used.

This new course aims at teaching good programming practices at an intro-

ductory level to help provide the professional with the tools needed for software

development. As an important feature of the course, terminal access is made
available to participants.

As priorities, the course presents all aspects of the programming and

problem-solving process: problem specification and organization, algorithms,

coding, debugging, testing, documentation, and maintenance; the elements of

good programming style and the means of producing a high-quality finished

product; and the teaching of the syntax of the PASCAL programming language.

In the course, PASCAL language is adopted as an optimum vehicle to intro-

duce important programming concepts. Programming examples are chosen to

span a wide range of both numeric and non-numeric applications. No prior prog-

ramming experience or extensive mathematical background on the part of the

student is assumed.

Course Content Initially, the student is introduced to the preparatory work-
problem specification and algorithm development-that must be accomplished

prior to the coding process. Next, the course introduces the basic elements of

PASCAL language, carefully avoiding those aspects that might be specific to a

particular computer system. The topics of debugging, program testing, documen-

tation, and maintenance are covered. Additional data structures and subprogram

facilities available in the language are discussed. Finally, techniques for develop-

ing and managing "real world" problems and the writing of quality programs are

detailed.
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Faculty: Robert J. Brentrup

Senior Engineer, Advanced Processing Techniques and

Systems Department

Raytheon Company

Guest

Lecturer: Paul C. Barr

Manager, Advanced Processing Techniques and

Systems Department
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02.731 Failure Analysis

This course covers case histories of typical failures as well as work-related prob-

lems submitted by participants. Proper methods of conducting failure analyses

and determining causes of failure are discussed. For each example of failure, cor-

rective design changes and alternative manufacturing methods are explored.

Supplementary lectures on selected topics deal with the practical and theoretical

aspects of failure analysis.

Course Content Case histories illustrating the nature and causes of failures.

Stress, corrosion, and stress-corrosion failures. High and low temperature failure.

Control, alteration, and nature of surface properties. General procedures in serv-

ice failure analysis. Cohesive strength. Fracture mechanics: ductile fracture, duc-

tile-brittle fracture. Fracture toughness testing. Static and dynamic fatigue. Design-

ing for fatigue. Fracture of metallic and non-metallic materials; fracture of compo-

sites. Assessing and designing for specific environments. Failure related to man-

ufacturing processes. Visual and microscopic examination, chemical analysis,

non-destructive testing, mechanical testing. Statistical concepts. Product liability.

Faculty: Bernard S. Lement, Ph.D.

Consultant

02.740 Vacuum Processes and Systems

Principles utilized in industrial and research-related vacuum systems are covered.

The course describes characteristics of processes utilizing vacuum in the elec-

tronic, nuclear, metallurgical, and research fields, as well as the design concepts

and functions of system components. Emphasis is on practical, realistic applica-

tions of vacuum equipment and techniques in industrial processes and research

investigations, including techniques necessary for establishing vacuum system re-

quirements and relating them to equipment parameters for a specific application.

This includes all general aspects of equipment design and component selection.

Guests lecture on various specialties and a field trip is planned to view systems in

operation.

Course Content General: chamber construction, closures and seals, vacuum

pumping, vacuum gauging. Materials: ferrous metals, refractory metals, elastomers,

ceramics, pump fluids. Components: vacuum pumps, seals, power supplies, in-

struments, gauges, controls, heating elements, manipulators. Furnaces: resistance,

induction, heat treating, annealing, sintering, quenching. Melters: arc, induction,

levitation. Welders: T.I.G., E.B., plasma arc, hollow cathode, laser. Presses: com-

pacting, diffusion bonding, powder metallurgy. Coaters: evaporation, sputtering.

Environment: space simulation, glove box. Accessories: lifts, conveyors, posi-

tioners, wire feeders, optical viewers, feedthroughs. Topics are weighted to reflect

class interest.

Faculty: to be announced.
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08.722 Systems Analysis and Planning for Industrial Automation
This course is for professionals involved in the planning, analysis, and implemen-

tation of industrial automation systems and subsystems. Emphasis is on practical

methods for determining systems feasibility, design, and cost, and developing a

framework to document system information and process flow. Computer-based

systems will receive major emphasis due to their current and projected impor-

tance in industrial automation.

Course Content Systems engineering and planning in industry, systems organi-

zation, and computer-based automation. Problem identification and system for-

mulation. Determining system objectives. Feasibility studies. Functional analysis

including development and use of flow charts. Data management. System con-

trols. Determination of system value, costs, time, and reliability. System flexibility

and evolution. Hardware and software requirements.

Faculty: Dominick j. Carlino

Senior Staff Member
Western Electric Company
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08.700 Finance for Engineers

This course provides technical personnel with an appreciation and understanding

of financial mana^gement. It is designed to help eliminate confusion in financial

terminology and to assist participants in developing an understanding of basic con-

cepts as well as specific techniques in finance. Participants are encouraged to

relate the financial function to their own specialties and to discuss the financial

implications of their decisions. A working knowledge of accounting and finance

is not required.

Course Content The finance function: what it does and where it fits, treasury vs.

control, operating rules (IRS, GAAP, SEC). Financial statements: balance sheet,

profit and loss statement, ratio analysis. Financial planning: sources and uses of

funds. Survey of cost accounting and cost behavior: standard costs, direct cost,

fixed and variable cost, job and process costs. Survey of budgeting and profit

planning. Break-even analysis for decision making: product planning, pricing,

equipment selection, marketing. Return on investment for decision making:

methods of computation, usage in capital equipment evaluation, cost of capital

concept, new product evaluations, inventory management, risk analysis, business

models. Sources of capital. General review and discussion.

Faculty: Melvin B. Langbort -

CPA, In Practice as Principal

08.701 Product Liability & Safety

A practical course that may have day-to-day application for safety, produc-

tion, design, sales, service, quality control, engineering, and management per-

sonnel. Subject matter concerns principles and techniques of evaluation and con-

trol of product liability exposures for manufacturers, distributors, sales, and serv-

ice organizations. Unique workshop sessions are planned in which participants

can examine problems of their own particular interest. The overall emphasis is on

incorporating into working methods and procedures appropriate systems de-

signed to consider potential loss factors and to implement controls.

Course Content Development of liability: basic causes of action. How liability

arises: schematics, flow diagrams. Warranties: expressed, implied, what they are,

impacts, trends. Product liability control measures: learning to detect hazards,

how to evaluate and control. Impact of Consumer Product Safety Act and the

Occupational Safety and Health Act: laws, standards-What's reasonable?

Hazard index. Plaintiff's checklist. Warnings: guiding principles, labels.

Guideline principles. Product safety vs. product liability. Summaries of actual

62
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cases: lessons to be learned. Role of the insurance company: insurance per se,

loss control service. Systems safety analysis. Record keeping: logs, notations, du-

ration, traps. Testing: in-plant, independent labs, approving agencies, needs,

types.

Faculty: Roy G. Berg

Director of Technical Services

American Mutual Insurance Company

James H. Pollard

Assistant Vice President, Claims

American Mutual Insurance Company

Richard E. Schroeder

Vice President of Engineering

American Mutual Insurance Company

08.702 Modern Industrial Marketing

This course offers non-marketing professionals an overview of sales and market-

ing concepts, providing them the opportunity to understand and respond better to

market requirements through improved communication and appraisal of innova-

tive technical ideas. The dynamics of modern marketing and the interplay be-

tween marketing and other corporate functions are discussed.

Course Content Overall marketing philosophy and concepts: organization,

strategies, and implementation. Marketing planning and its relation to corporate

planning. Tasks and responsibilities of various marketing functions. Market re-

search: problem formulation, project design, tools and techniques, competitive

analysis. Market forecasting: identifying key parameters, interpreting trends, fore-

cast preparation, and use. Marketing planning: determination of objectives, mar-

ket definition and segmentation, product/service requirements. Annual vs. long-

range market planning tools. Product management: interfaces, technology trends,

life cycle management, product/market strategies and tactics, advertising/sales

promotion, goal setting and performance measurement, customer service re-

quirements. Technical/marketing input to new product development. Sales and

sales management: organization/administration of sales functions, territory/time

management, sales tactics and problems, customer communications, motivation,

leadership, and compensation. Financial concepts in marketing, general financial

structure of a business, detailed marketing financial structure, implementing busi-

ness objectives in marketing, profitability, resources planning, and productivity

measurements.

Faculty: Joseph P. FHayes, Course Coordinator

Director of Consultant Relations

Honeywell Information Systems, Inc.
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Francis X. Murphy

Northeast Regional Account Manager

IBM Corporation

Raymond S. Barnstone

Manager of Investment Analysis

Honeywell Information Systems, Inc.

08.703 Project Administration

The first of two courses in project management and control, this segment surveys

the tools available to improve control over aerospace, industrial, and construction

projects. It is designed for those responsible for administrative project control

functions and others interested in techniques used to bring administrative,

scheduling, and financial problems into focus.

Course Content The nature of projects. Planning function: establishing objec-

tives, setting priorities, master scheduling, PERT, CPM, line of balance techniques,

locating potential trouble spots. Scheduling function: scheduling techniques,

computer aids, level of detail, considerations of contracts, multiple projects, op-

erations research techniques, monitoring and updating. Budgeting function: struc-

turing, accountability, measuring performance, progress reports, highlighting,

forecasting, effects of contract changes, and discussion of PERT/Cost. Perform-

ance evaluation. Packaged project management, network-oriented systems.

Faculty: Melvin B. Langbort

CPA, In Practice as Principal

08.705 Principles of Product Assurance

Participants are instructed in the underlying principles and techniques required

to implement modern product assurance programs. Embracing the fields of relia-

bility, maintainability, quality control, product test, and product evaluation, the

course offers an exposure to the latest, proven approaches employed by industry

for assuring high product reliability and quality at a reasonable cost. A broad

treatment of the methods used for detection, correction, and avoidance of design

and production deficiencies is offered. The course material extends to all phases

of industrial operations, from research and development through large-scale

manufacturing activities. A familiarity with basic probability and statistics is a

prerequisite. Technical treatment of the material is balanced by discussions of

actual cases.

Course Content Definition and measurement of product merit. Planning and

developing programs for high quality and reliability in military as well as com-
mercial product lines. Applications of statistics and inference in evaluating prod-

uct acceptability. Uses of probability in predicting product life expectancy. A
study of the organization required to achieve a sound product assurance program
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aimed at both the prevention and correction of product deficiencies. Roles played

by specialists in design review, failure analysis, failure reporting, and corrective

action. Test planning and sampling approaches producing high data yields at

moderate cost.

Faculty: Avery H. Hevesh

Principal Engineer

Raytheon Company

08.706 Project Financial Management
The second of two courses in project planning and control, this segment surveys

the techniques of financial management as they apply to aerospace, industrial,

and construction projects. The course is designed for those responsible for project

management functions and others who desire to learn the techniques used to

bring financial problems into focus. Aspects of internal financial management

decisions are also discussed. The teaching method includes lectures, case studies,

and class discussion. No formal financial training is required. Course 08.703,

Project Administration, or equivalent, is prerequisite.

Course Content Overview of project management and finance. Planning, es-

timating, and proposal preparation techniques. Budgeting techniques, overhead

allocation. Cost accounting and the nature of costs. Review of contractual re-

quirements and clauses affecting project financial management. Engineering/

manufacturing interface and related financial management problems.

Faculty: Melvin B. Langbort

CPA, In Practice as Principal

Thomas N. Watson

President

The Watson Group

08.707 Modern Engineering Management- Human Aspects

08.708 Modern Engineering Management- Functional Aspects

These courses are designed for the manager, or aspiring manager, who is faced

with the challenge of leading others in a technological environment and who
seeks greater effectiveness.

The courses individually focus on the two basic dimensions of modern en-

gineering management. The first deals with the human aspects of management

and is concerned with the interaction of individuals, groups, and organizations.

The second is concerned with the functions that managers must perform in order

to achieve their organizational objectives.

Both courses are conducted on a workshop basis, providing participants with

the opportunity to interact with others from various company environments. A
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framework for meaningful discussion is provided that may enable participants not

only to learn about, but to internalize and apply new management approaches in

their personal work situations.

While the courses are complementary, each can be taken independently and

in the sequence desired by the participant.

Course Content Modem Engineering Management-Human Aspects: Discus-

sion and relationship of motivation, leadership behavior and power, interpersonal

communication, group structure and process, learning, attitude development and

perception, organizational structure, interpersonal change, conflict, delegation,

and ethics in engineering management.

Modern Engineering Management-Functional Aspects: Discussion and rela-

tionship of the functional topics of planning, organizing, staffing, directing, deci-

sion making; communication, control, coordination, review, and budgeting in

modern engineering management.

Faculty: Theodore F. Gautschi, P.E., Ph.D.

Professor of Management

Bryant College

08.720 System Synthesis and Design

Man-machine systems are used by industry today to solve a wide variety of prob-

lems. Despite the great variation in scale, complexity, and application of the sys-

tems, it is possible to identify principles and procedures that are common to all

and that are prerequisite to their success. Effective application of these principles

and procedures is the main focus of the course.

A well-developed, tested approach to system conception and design is pre-

sented from the point of view of those who must initiate and/or manage the pro-

cess-typically, project, design, and program engineers, and installation mana-

gers. The concepts and methods introduced may be as applicable to solving prob-

lems faced by a small, high-technology company as they are to the design and

operation of a national, air traffic control system. In the course, major system

elements are considered, ranging from the realistic assessment of customer needs

to the optimization of system solutions, design, and management. Emphasis is

given to the formation and coordination of the technical and management re-

sources required to achieve economical, viable system solutions. Methods of en-

hancing individual and group performance are presented and developed. New
and proven concepts and techniques are introduced and applied to system design

projects involving course participants. Participants thus have the opportunity to

gain extensive individual and team practice and to benefit from constructive

feedback on their performance.
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Course Content Philosophy of system design: problem definition; system

functions and requirements; planning considerations; system conception and

analysis; designing the system; implementation; evaluation and feedback. Build-

ing the team: directors and managers; specialists and consultants; organizing

and managing; dealing with and interpreting customer requirements; marketing

the system; the interface between marketing and design. Design and evaluation

techniques: budgeting and controlling efforts; preparation of data for display;

design requirements and tradeoffs; flow chart symbols and usage; financial

evaluations on a R.O.I, basis; specifying a system; procedures; decision making.

The man-machine interface: human factors basics; terminal (input-output)

equipment functions; system-to-system interfaces.

Faculty: Robert B. Angus, Course Coordinator

Principal

Angus Associates

Donald B. Devoe, Ph.D.

Human Factors Specialist

U.S. Department of Transportation

Cambridge, Massachusetts

Philip F. Paul

Management Systems Consultant

08.740 Power Generating Plant Safety and Reliability

A treatment of the design and operation of fossil and nuclear-fueled power

generating plants with emphasis on achieving failure-free and accident-free per-

formance. The course includes the principles of reliability and maintainability

applied to plant protective systems. Corrective and preventive maintenance con-

siderations are covered with a view toward attaining high equipment availability

and minimal outages. Establishment of decision criteria for maintenance crew

size and skills, overhaul periods, and checkout test intervals. Redundant protec-

tion and system safety techniques are developed and applied to work-related

problems submitted by participants.

Course Content Fundamentals of probability and statistics applied to systems

consisting of power plant and ancillary equipment. Definition of system and sub-

system failures, reliability modeling of plants, and prediction of system longevity.

Plant design tradeoffs and economics. Data sources and collection systems. Sys-

tem and subsystem specifications. Fault-free construction and failure modes and

effects analysis (FMEA).

Faculty: Avery H. Hevesh

Principal Engineer

Raytheon Company



Advanced Management Workshops

08.704 Long-Range Planning Seminar
This seminar focuses on the emergence of long-range planning as a formal man-

agement tool for the promotion of corporate growth and diversification. The pro-

gram is designed to provide an opportunity for functional management and line

operating personnel to acquire an understanding of planning methodology and

techniques, enabling them to contributeeffectively to the planning process.

Steps in the planning cycle, starting with setting of clear, concise corporate

objectives and proceding through the strategic and tactical plans necessary to

meet those objectives, are covered. The functional interactions required within an

operating entity for the effective generation of plans are included. Acquisitions

and new product development as means for growth are discussed within the con-

text of the planning cycle. Particular emphasis is on the market research inputs

required for planning and the generation of parallel, but supportive, financial

plans. The use of interactive planning models as^ a rapid means of evaluating

different strategic plans is examined. A combination case and lecture approach is

employed to offer the participant a thorough understanding of the process.

Faculty: Philip F. Paul, Course Coordinator

Management Systems Consultant

Donald P. Aiken -

General Manager, Systems Division

The Foxboro Company

William T. Mahoney
Business Analyst

Honeywell Information Systems, Inc.

08.750 Advanced Program Management
High technology programs are complex and multifaceted, requiring special ap-

proaches, methods, and systems. This course directly approaches the specifics of

managing complex projects and programs. The role of the project/program man-

ager as a team leader is highlighted, along with important techniques for effec-

tively controlling cost, schedule, and performance parameters. The course is in-

tended to help provide an advance working knowledge of project management

for professionals who plan, organize, and direct high-technology projects and

programs for industry, government, or institutional organizations.

Lectures, case studies, and business games are combined in the course to

complement working knowledge and help develop the leadership and skills needed

68
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by program managers in today's competitive markets. Special features include: a

case study on effective engineering program control; in-class exercise of manag-

ing a large proposal development; group exercise on team building; a group simu-

lation exercise in dealing with conflict; specially developed visual and audio-

visual presentations. A specially developed workbook and other student materials

are also included.

Course Content Program management characteristics. Interface with the cus-

tomer community. Organizational interdependence. The role of the project man-

ager in the functional organization. Project management systems. Building the

program organization. Defining the project/program. The program life cycle.

Work breakdown structure, work packages, and cost accounts. Resource planning

and negotiating. The program plan. Planning and scheduling: tools and tech-

niques. Status reports. New business acquisition. Types of proposals, contracts,

and fee structures. The source selection process. Preproposal programs. Proposal

management techniques. Program management leadership. Conflict manage-

ment. The power spectrum in program management. Top management interface.

Team building.

Faculty: Hans j. Thamhain, Ph.D.

Manager, Program Management
GTE-Sylvania, Inc.

08.751 The Marketing and Development of New Products

This series of workshops focuses on the trends and concepts of new product plan-

ning, development, evaluation, and marketing. The program is designed to help

enhance a manager's ability to establish, evaluate, or improve new product de-

velopment and marketing programs within an organization. The workshop faculty

include executives from a broad spectrum of industrial functions who can provide

a comprehensive treatment of the practices required to bring a new product to

market.

Course Content Strategic planning: setting objectives, corporate vs. divisional

planning, tie-in to product and functional planning. The marketing functions:

marketing organizations, marketing planning, marketing research, sales forecast-

ing, competitive analysis, product life cycle. Product planning and implementa-

tion: idea generation and screening, patent considerations, product team con-

cept, business plan, alternative strategies, implementation steps, and follow-up.

Product research and development: technological forecasting, resource alloca-

tion. Product manufacture: resources required, impact on current factory load,

make vs. buy, quality plan, life cycle costing. Product pricing and contractual

arrangements: methods, considerations. Product promotion: advertising, pub-

licity, direct mail, budgeting, evaluation, test marketing. Product serv-

ice: organizations, warranties, service contracts. Financial analysis: return on

investment criteria and methods, cash flow, impact on overall near- and long-
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term business plans. Legal considerations: protection of proprietary products

and processes, marketing policies, differences in government vs. commercial re-

quirements, antitrust.

Faculty: Donald P. Aiken

General Manager, Systems Division

The Foxboro Gompany

Edward G. Bursk

Ghairman, Multinational Business Assoc, Inc.

Professor of Business Administration Emeritus

Harvard Business School

George J. Butorac

Manager of Marketing and Planning

Bedford Laboratories, Missile Systems Division

Raytheon Gompany

William G. Fox

Manager of Industrial Engineering & Quality Gontrol

The Foxboro Gompany

John M. Geaghan

Assistant General Gounsel

Raytheon Gompany

James N. Little, Ph.D.

Vice President, Sales/Marketing

Waters Associates

Philip F. Paul, Gourse Coordinator

Management Systems Consultant _
Robert L. Seaman

Vice President of Planning

Raytheon Gompany

Adrian Van Dorpe

Manager of Advertising and Sales Promotion

Polaroid Corporation

David Remington

Vice-President, Corporate Finance Dept.

Goldman, Sachs & Gompany

08.761 Business Law and the Technological Organization

This course, for middle and upper level managers of industrial companies, is de-

signed to help improve their understanding of legal principles applicable to the

procurement and performance of government and commercial contracts. Partici-

pation in the course may help provide an increased awareness and understanding
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of an organization's legal functions, the advantages of an early recognition of

potential legal problems, and the importance of the team approach in preventing

and solving legal difficulties.

Course Content Foreign and domestic sales and leases: methods of distribution,

sale vs. lease, negotiation of the contract maintenance and servicing. Contracting

with the U.S. and foreign governments: methods of procurement, precontract

planning, preparation of the proposal, protests of procurement awards, types of

contracts, key clauses, performance risks, rights and duties of the government, the

prime contractor and subcontractors, litigation and arbitration. Government regu-

lation of business— an overview: antitrust laws, socioeconomic statutes, profit

limitation statutes. Preventative law in conducting business. Title retention de-

vices in credit risk sales or purchases: secured transactions under the uniform

commercial code, other security devices, the insolvent supplier. Acquisitions:

legal aspects of aquiring a company or product line.

Faculty: John M. Geaghan

Assistant General Counsel I

Raytheon Company
'

Leo R. Reynolds
|

Director of Licensing
j

Officeof General Counsel '

Raytheon Company
J



Biomedical Science and Engineering

21 .760 Family Therapy

This course is designed to aid professionals-psychiatrists, psychologists, coun-

selors, nurses, social workers, clergy, and others who wish to assess and deal

better with the problems of the family and its parts. Emphasizing the systems-

theory approach, the course examines the family process, family systems, and the

relationship of the individual family member to the system. The course is expe-

riential and discussion-centered. Class exercises will illustrate the concepts intro-

duced, including: the coupling process as it relates to the developing family; fam-

ily intervention techniques; crisis handling; and outside system relationships as

they interface with individuals and their interpersonal spaces. In a directed and

participatory way, the course explores how families communicate, make deci-

sions, and give and receive care, affection, and love. Participants in the course

should be prepared to introduce, for group discussion, topics of a work or

experience-related nature.

Course Content Recognizing basic family processes: operative power structure,

verbal and nonverbal communications, the effects of one member's feelings or

actions on other members, emotional blockage/facilitation. The role of the helper

in relation to the entire family. Family boundaries. Rules and roles in the family.

Exercises in family development, role functioning, family communication, family

crisis.

Faculty: Beverly Minker Schydlowsky, M.S.W., A. C.S.W.

Consultant in Private Practice

21 .770 Physiology and Biomedical Engineering

The participant is introduced to the structure and function of the human organism

and to biomedical systems currently used in hospitals. Approximately half the

course consists of laboratory sessions related to blood component measurements

and separation, blood flow, the heart and cardiovascular system, the kidney and

urinary system, and respiratory system measurements. The remainder of the

course includes site visits to major teaching hospitals and guest lectures on

biomedical engineering.
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Faculty: Dr. Samuel Fine, Course Coordinator

Chairman, Department of Biophysics and

Biomedical Engineering

Northeastern University

Dr. Saul Aronow

Principal Associate in Radiology

Massachusetts General Hospital

Harvard Medical School

Dr. Herbert Berman

Professor of Biology

Boston University

Dr. Paul Hill

Catheterization Lab Marketing Specialist

Hewlett-Packard Corporation

Mr. Louis Kopito

Director of Spectro-Chemical Research Laboratories

Department of Nutrition and Food Science

Massachusetts Institute Of Technology

Dr. Arthur Miller

Consultant

Dr. Albert Roy

Head of Department of Experimental Hematology

Arthur D. Littlejnc.

Dr. Edward Webster

Director, Division of Radiological Sciences

Massachusetts General Hospital

Professor of Radiology

Harvard Medical School

21 .771 Physiological Optics & Eye Protection

Participants are introduced to the eye's structure and function, the nature and

hazards of eye injury, eye protection, and instrumentation related to ophthalmoF-

ogy. The course covers the fundamentals of anatomy, histology and physiology of

the eye, principles of image formation, color vision and electroretinography,

mechanical and chemical injury, environmental and radiation eye hazards and

protection, and specific ophthalmologic instrumentation.
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Faculty: Dr. John C. Armington

Professor of Psychology

Northeastern University '

Dr. Leo Chylack

Chief of Ophthalmology

Peter Bent Brigham Hospital

Associate Professor of Ophthalmology

Harvard Medical School

Dr. David Epstein

Assistant Professor of Ophthalmology

Harvard Medical School

Dr. Stephen Fricker

Chief of Ocular Motility

Massachusetts Eye and Ear Infirmary

Assistant Professor of Opthalmology

Harvard Medical School

Dr. Paul W. Lappin

Professor of Physiological Optics

New England College of Optometry

Mr. Joel Newman
Consultant

Narco Medical Systems

Dr. Ernest Wolf

Research Associate in Ophthalmology

Massachusetts Eye and Ear Infirmary

Instructor in Ophthalmology

Harvard Medical School

Dr. Samuel Fine, Course Coordinator

Chairman, Department of Biophysics and

Biomedical Engineering

Northeastern University

86.752 Nutrition in Health and Disease

This course discusses the digestion, absorption, and metabolism of basic nutri-

ents, i.e., vitamins, carbohydrates, proteins, and lipids, during normal and disease

states. Subject material includes metabolism of these nutrients during mainte-

nance of normal body function and in disease states, such as heart disease, diab-

etes, obesity, cancer, etc. Discussion of possible prevention and treatment of these

conditions by dietary intervention is included. An introductory level course in

nutrition and biochemistry is prerequisite.
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Course Content Human nutritional requirements. Nutrition during pregnancy

and lactation, infancy, childhood, adolescence, and in the elderly. Obesity. Nutri-

tion and diet in cardiovascular, liver, kidney, and urinary tract diseases; diabetes

mellitus and malabsorption disorders; inborn errors in metabolism; cancer; and

aging. Nutrition and vitamin deficiencies, the anemias, alcohol. Other topics as

indicated by class interest.

Faculty: Robert Nicolosi, Ph.D.

Assistant Professor of Pathology

Harvard Medical School

K.C.Hayes, Ph.D., D.V.M.

Associate Professor of Nutrition

Harvard School of Public Health

Mohamed El Lozy, Ph.D., M.D.

Department of Nutrition

Harvard School of Public Health



Plant Engineering, Occupational

Health, and Safety

01 .730 Noise & Vibration Control

The general principles and practice of identifying, analyzing, and controlling

noise and vibration are presented. The generation, propagation, and measure-

ment of noise and vibration are examined in the context of source, path, and

receiver interrelationships. Sound propagation outdoors, and in enclosed rooms,

is considered in terms of meeting acceptability criteria as well as current local and

federal regulations and standards. This is a practical course appropriate for prac-

ticing engineers, architects, administrators, and others who must deal with noise

and vibration-related problems on a day-to-day basis, and who may never have

had an opportunity to take a formal course of study in the field. Likewise, it repre-

sents an opportunity to review principles and current experience, with practicing

professionals, for those who may have had prior undergraduate courses in acous-

tics.

Course Content Fundamentals: sound waves, their generation and propagation,

analysis of vibrating bodies, and transmission media. Sound and vibration meas-

urements: basic equipment and techniques for measurement and analysis. Sound

propagation and control outdoors and in and between rooms. Properties of mate-

rials for control of sound and vibration: sound absorbing and isolating materials,

damping, mufflers, vibration isolation systems, enclosures. Criteria: damage risk,

speech intelligibility, annoyance, local and federal standards.

Faculty: William J. Cavanaugh, Course Coordinator

Senior Consultant

Cavanaugh Tocci Associates

John L. Butler, Ph.D.

SeniorConsultant

Image Acoustics, Inc.

Lawrence C. Copely, Ph.D.

SeniorConsultant

Copley Associates

Mr. Klaus Kleinschmidt

SeniorConsultant

Cambridge Acoustical Associates
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G.Albert Russell, Ph.D.

Professor of Mechanical Engineering

University of Massachusetts

Senior Consultant

Russell and Ivey

01 .733 Noise Measurement and Control

This practical course relates the principles of acoustics and noise measurement

and control to in-plant noise programs (OSHA) and the control of community

noise (Mass. regulations and EPA). The course emphasizes development of the

noise control program, its practical and economic aspects, and the operation of

the facility. Problems encountered in specifying and purchasing noise abatement

equipment are presented and examined so that exclusive dependence on outside

sources of information can be avoided in participants' future involvements. Taking

codes and legal requirements into consideration, the course progresses through

the steps necessary to implement a practical and feasible noise control program.

Understanding of acoustic terminology, selection and use of acoustical measure-

ment equipment, selection of noise control measures, and the specification and

purchase of noise abatement equipment are addressed from the practical point of

view, with emphasis on the problems and pitfalls that can occur. To illustrate the

application of noise control engineering, equipment is made available for actual

field measurements, and actual problems from the class are addressed. Adminis-

trative noise control and hearing conservation programs are discussed as they

relate to OSHA compliance. Vibration measurement and equipment vibration are

also introduced according to class interests.

The course adopts a two-phased approach. Initially, the subjects of acoustic

terminology and measurement equipment are discussed in combination with suf-

ficient acoustics theory to develop an understanding of the field. OSHA legal

requirements and the proposed revision and recent court decisions on administra-

tive controls and economics are considered, as well as the environmental noise

requirements of EPA and the Commonwealth of Massachusetts. The resulting

knowledge of acoustics and legal code requirements provides participants with

the background necessary for problem definition. On this basis, the second phase

of the course considers, in a logical way, practical noise control problems, prefer-

ably those introduced by participants. Alternatively, typical problems of industrial

and commercial facilities will be considered, including the silencing of fans.

Where feasible, field work at a participant's facility becomes an integral part of

the course.

Faculty: Basil A. Bonk

Supervisor, Acoustics

United Engineers & Constructors, Inc.
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02.701 Industrial Ventilation

This course provides an introduction to the principles of air flow and flow meas-

urement necessary for the design of industrial ventilation systems. The program

also covers practical concepts for the engineering design of systems to protect

workers from hazardous environments such as dust, fumes, mist, gases, and vap-

ors. The design of exhaust ventilation systems is emphasized, including the re-

quirements of make-up air supplies and devices used for this purpose.

Course coverage includes concepts required to evaluate and improve exist-

ing systems and to design and prepare specifications for new systems. Each class

session is divided between a lecture and a laboratory session, giving the partici-

pant hands-on experience in designing ventilation systems. The course is in-

tended for: safety engineers; industrial hygienists; industrial and plant engineers;

mechanical, heating, and ventilation engineers; and others who have an interest

in, or responsibility for, the safety and comfort of industrial workers.

Course Content Flow of fluids and flow measurements. Exhaust hood design

principles and hood shapes for specific operations. Duct resistance and piping

design principles. Fans and blowers, dust collecting devices, and make-up air

systems. Preparation of construction specifications. Control of industrial dust and

vapor exposures by dilution ventilation. Class size is limited so that each student

will have ample opportunity to participate actively in the many important labora-

tory exercises that constitute an essential part of the instruction.

Faculty: Professor Richard Dennis

Harvard University and Technology Division

CCA. Corporation

CharlesE. Billings, Ph.D.

Consultant

Mr. Frederick]. Viles, Jr.

Consultant

07.700 Introduction to Industrial Safety

With the passage of Public Law 91-596, "Occupational Safety and Health Act of

1970," employers find it increasingly important to maintain active and capably

directed in-plant safety programs that assure compliance with the safety and

health standards promulgated under the law. Many employers must now assign

safety responsibilities to a staff member or line supervisor untrained in accident

and loss prevention. This course may help provide the safety director with the

skills needed to assist management effectively in reducing accident losses and at

the same time in complying with the requirements of OSHA. Visits to local plants

are planned for participants who wish to gain experience in conducting safety

surveys.
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Course Content The causes, costs, and types of accidents and their effects on

production; the requirements of OSHA; the safety director's duties; effective

plantwide safety programs, productive accident investigation, area safety surveys,

job safety analysis; employee safety training; maintaining safe working methods

and conditions in connection with machine operation, materials handling, elec-

trical equipment, housekeeping, fire and explosion hazards; and sources of assis-

tance to the safety d i rector.

Faculty: Paul M. Colson

Safety Consultant

07.701 Industrial Hygiene Measurements
This course may help provide a basic understanding of the principles of environ-

mental measurements. It offers participants the opportunity to learn to select the

appropriate evaluation method and collect valid data. Measurement techniques

and equipment are demonstrated and opportunities for use of instrumentation are

provided.

Course Content Behavior of aerosols, mathematics of air sampling, general

principles of sampling strategy, calibration of instruments, specific techniques for

measuring particulate and gaseous air contaminants, asbestos, use of instantane-

ous detectors, ventilation measurements and measurement of physical hazards

such as heat, radiation and noise.

Faculty: Charles W. Boone

Consultant in Industrial hlygiene Training

Liberty Mutual Research Center

Russell W. VanHouten

Director, Industrial Hygiene Field Services

Liberty Mutual Research Center

07.702 Introduction to Radiation Protection

This course is the first of a series on the subject of radiological health designed for

industrial and hospital staff who work with or are responsible for radioactive ma-

terials or radiation-producing machines. The course introduces the subject of

radiation protection, and may help familiarize students with the relevant aspects

of nuclear physics and the fundamentals of radioactivity, including interaction,

decay law, and units of radiation and dose. Radiation detection and instrumenta-

tion, biological effects, control of external and internal hazards, standards, and

regulations are also covered. Participation in the course assumes a basic under-

standing of mathematics and science at the first-year,college level. Courses in the

program that are extensions of this introductory course will focus in detail on

medical x-ray, nuclear medicine, and occupational radiation protection.
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Course Content Introduction: contemporary aspects of radiation exposure, in-

formational sources. Fundamentals: atomic structure; radioactivity; chart of nu-

clides; interaction; units and decay law; series decay. Instrumentation: basics of

detection instrumentation; survey and personnel instrumentation; laboratory in-

struments; counting efficiency and statistics; assay of beta and gamma emitters;

gamma scintillation spectrometer. Radiation exposure: units of dose and correla-

tion; biological effects. Protection: principles; control of internal hazards; guides;

standard symbols. Nuclear reactions: charged particles, photons, and neutrons;

fission and fusion. Radiation-producing apparatus: x-rays, properties and produc-

tion; principles of nuclear reactors and particle accelerators.

Faculty: Neil A. Gaeta, C.H.P.

U.S. Food and Drug Administration

Winchester, Massachusetts

Warren Church

Supervisory Engineer

Winchester Engineering & Analytical Center

07.730 Industrial Air and Gas Cleaning

This course is designed to assist technical personnel concerned with environmen-

tal control in the design, specification, operation, maintenance, and evaluation of

air and gas cleaning systems. Familiarity with the basic concepts of ventilation as

applied to typical industrial and combustion operations is helpful.

Course Content Review of industrial ventilation, air quality standards, threshold

limit values and emissions regulations set by federal, state and local agencies.

Measurement of particulate and gaseous emissions for regulations compliance

and collector efficiencies for performance and acceptance tests. Principles of par-

ticle (solid and liquid) and gas behavior relative to capture mechanisms as-

sociated with inertial devices (cyclones), filters, electrostatic precipitators, scrub-

ber and gas ab- and adsorption systems. Use of catalytic and thermal treatment

processes for noxious and odorless materials. Specific industrial operations dis-

cussed: dust-producing size reduction operations, mist generation during elec-

troplating, solvent vapor control, fossil fuel combustion for energy generation (fly

ash, SO2, NO^). Cleaning requirements for office, hospital, clean room, and labo-

ratory facilities involving particles, gases, odors, bacteria, and radioactive mate-

rials.

Faculty: Professor Richard Dennis

Harvard University and

Technology Division

G.C. A. Corporation
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07.750 OSHA Compliance
OSHA standards applicable to industrial workplaces are interpreted and dis-

cussed in this course designed for safety personnel and others responsible for

compliance. Visits to local plants are included to enable participants to gain ex-

perience in conducting safety surveys. Specialists present selected topics, and

work- related problems are solicited from the class.

Course Content Description and interpretation of the following standards: walk-

ing and working surfaces, means of egress, occupational health and environmen-

tal control, hazardous materials, personal protective equipment, general en-

vironmental controls, medical and first aid, fire protection, compressed gas and

compressed air equipment, materials handling and storage, machinery and

machine guarding, hand and portable powered tools and other handheld equip-

ment, welding, cutting and brazing, special industries, and electrical. Sources of

information and assistance.

Faculty: Norman D. Reece

Safety Engineer

Polaroid Corporation

07.751 Industrial Hygiene
This course covers the detection, evaluation, and control of occupational health

hazards and is designed for safety personnel, plant engineers, union and person-

nel management, and industrial medical staff. The hazard potential of common
materials and processes, methods of evaluating the worker's exposure to toxic

contaminants, and control of the exposure by engineering methods are discussed.

Case histories provided by the instructor and students are used to illustrate key

concepts. Class size is limited so topics of individual interest can be covered.

Course Content Toxic effects of exposure to air contaminants. Physical stresses:

heat, noise, and vibration. Health hazards of common manufacturing and labora-

tory operations. Air sampling: sample collection, analytical methods, contami-

nant identification. Protective devices. Engineering control: general methods,

ventilation control, respiratory protection. OSHA and other health and safety reg-

ulations. Commonly used instrumentation is demonstrated in laboratory sessions.

Faculty: Russell W. VanHouten

Director, Industrial Hygiene Field Service

Liberty Mutual Insurance Company

07.752 Industrial Toxicology and Product Safety Evaluation

The principles of toxicology and occupational medicine are applied to safety in

manufacturing processes and product use. The techniques required to evaluate

hazard and risk of chemical injury and disability in the workplace and at the point

of product utilization are developed. Participants will have opportunities to pre-
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sent work-related cases. The course is designed for engineers, chemists, labora-

tory technicians, and others interested in consumer product safety and industrial

health.

Course Content Mammalian physiology-normal and aberrant function of the

heart, lungs, brain, liver, and kidney. The role of toxic substances in producing

dysfunction, routes of entry, and mechanisms of detoxication. Chemical injury

surveillance methods and measurement techniques: pulmonary function testing,

hematology, neurological function, and major organ testing. Environmental sam-

pling methods and analytical techniques: air quality monitoring, gas chroma-

tography, and laboratory techniques. Mutagenesis product safety evaluation.

OSHA and Consumer Product Safety Act regulations. Case studies: carcinogens,

vinyl chloride, asbestos, solvents, aerosol packaging and product hazard, and

plastics as food packaging materials. Work-related problems submitted by partici-

pants.

Faculty: Rudolph J. Jaeger, Ph.D., Course Coordinator

Assistant Professor of Toxicology

FHarvard University School of Public hiealth

Guest Lecturers

07.753 Industrial Safety Management
This course provides instruction in the techniques required to implement an indus-

trial loss prevention program, helping to broaden the participant's understanding of

industrial hazards and their effects on workers and their company. Participants are

informed about the latest developments in the operation of OSHA. The course may
help companies to comply with OSHA standards and regulations as well as to deal

with the problems arising from the growing complexity of modern production

methods. Participants are exposed to new safety training techniques that they can

use in their own on-the-job safety training. The team approach to industrial safety is

emphasized.

Course Content The safety director as the manager of an overall loss prevention

program; implementing safety programs, on and off premises safety, modern

techniques of machine guarding, control of occupational health hazards, indus-

trial pollution, public and product liability, planning for emergencies, preventive

medical programs, and methods of supervisory safety training.

Faculty: Paul M. Colson

Safety Consultant

07.754 Industrial Audiometry
Industrial hygienists and medical and safety personnel will receive instruction in

techniques of evaluating the hearing of present and potential employees, interpret-

ing audiometric findings, and identifying employees who show susceptibility to
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noise exposure. Participants have the opportunity to gain familiarity with current

techniques and instrumentation required to conduct hearing evaluations. Demon-

strations of both an industrial hearing conservation program and a clinical audiology

program are included. Enrollment is limited so topics of individual interest can be

covered. The workshop sessions allow hands-on experience with equipment.

Course Content Medical-legal aspects of industrial noise, explanation of the

Occupational Health and Safety Act. Workman's Compensation Insurance.

Anatomy and physiology, and the mechanics of hearing. Methodology, cali-

bration, and instrumentation employed in hearing evaluation. Types of noise ex-

posure and hearing loss. Susceptibility to noise. Interpretation of audiometric find-

ings and disposition. Types of safety products. Consequences of hearing loss and

rehabilitation of acoustically impaired individuals.

Faculty: RobertJ. Ferullo, Ed.D.

Professor and Acting Chairman of Speech Pathology and Audiology

Northeastern University

Robert B. Redden, Ed.D., Course Coordinator

Assistant Professor of Audiology

Northeastern University

Stanley E.Pihl

Acoustical Consultant

Liberty Mutual Insurance Company

Harold Schuknecht

Chief of Otolaryngology

Massachusetts Eye and Ear Infirmary

Professor of Otology and Laryngology

Harvard Medical School



Energy Technology

and Management

01 .720 Solar Heating System Design

This unique, well-developed course is offered for working professionals seeking

the most up to date, comprehensive treatment of the subject and the capability to

design solar heating systems for buildings in freezing climates. Primarily intended

for architects, engineers, mechanical contractors, and technical personnel in the

solar equipment field, the course also is of value to individuals from other areas of

interest who have a working familiarity with the subject and who require a con-

temporary overview and evaluation.

The course presents techniques for selecting options and determining size,

expected performance, and cost of solar space and domestic hot water heating

systems for buildings in freezing climates. A study of the design principles and

characteristics of available collectors and stores enables participants to select ap-

propriate system design options. Accepted approaches for the calculation of heat

demand, design of heat distribution systems, and estimation of construction costs

and return on investment are covered. System, collector, and store design, new
hardware, and materials selection criteria are presented.

The course employs: illustrated lectures; assigned reading in supplied

textbooks and specially prepared course note materials; assigned design prob-

lems; special literature displays; and field trips to local solar systems installations.

Course Content Review of fundamentals of heat, climatology, and comfort. Sit-

ing considerations. Heat demand calculations by the ASHRAE method. Heat-

conserving building design. Heat distribution system design: conventional and

solar. Sun radiation, sun angles, climatic and insulation data. Overviews of exist-

ing solar heating applications. Pioneering work in solar heating design. Passive

solar heating design principles, examples, and calculations. Flat plate collector

design and performance. Heat store design. Calculation of system and component

size and expected solar heat ratio. Arrangement of piping, ducting, and controls.

Structural considerations in design of collectors and heat stores. Domestic hot

water system design. System performance indications and instrumentation. Cost

estimating, return on investment calculations, inducements and risks in invest-

ments in solar heating.

Faculty: Robert O. Smith, P.E.

Principal

Robert O. Smith and Associates

84
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Guest

Lecturers: Gordon F. Tully, Registered Architect

President

Massdesign Architects and Planners, Inc.

Norman B. Saunders, P.E.

Consulting Engineer

Michael A. McCIintock, Ph.D.

Consultant

Timothy E. Johnson

Research Associate

Dept. of Architecture

Massachusetts Institute of Technology

08.753 The Efficient Use of Energy

This course for energy coordinators, plant engineers, and consultants presents a

review of heat and power fundamentals from which are developed guidelines for

establishing an effective energy management program for manufacturing, indus-

trial, institutional, and commercial plants. Emphasis includes improvement in

thermal efficiency methods of heat recovery and energy conservation. More ad-

vanced means of improving energy use are explored, such as combined power/

process heat generation and the heat pump. Management of energy use is re-

viewed, including fuel economics, energy auditing, and establishment of an

energy management reporting system. Participants have the opportunity to discuss

work-related energy management problems in class.

Course Content Energy management: fuel economics and availability, energy

auditing, set up of an energy reporting system, relation of energy use to produc-

tion, use of Degree Days, steam costing, use of plant wastes as fuel, instrumenta-

tion. Steam generation and distribution: boiler efficiency, control of excess air-

flue gas losses, condensate return, flash steam recovery, waste heat recycling.

Dryers and furnaces; thermal efficiencies, heat exchangers for waste heat, the

heat wheel, waste heat boilers, thermal insulation. Energy efficiency in the heat-

ing and cooling of buildings, domestic hot water, and lighting. Article 22 of the

Massachusetts Building Code.

Faculty: Charles H. Marks

President

Energy Associates

08.754 Energy Technology Seminar
Recent developments in high-priority energy technologies for meeting our coun-

try's near-term and future energy needs are presented "in a series of informal semi-

nars by invited guest lecturers. Particular emphasis is placed on the key technical

and economic factors related to successful development and commercialization



86 / ENERGY TECHNOLOGY AND MANAGEMENT

without severe environmental penalties. The program is for engineers, scientists,

and technical managers. Fundamental technical concepts are reviewed as

needed.

Course Content For each of the technologies presented, the following aspects

will be discussed: technical and economic feasibility, environmental impact, cur-

rent status of development, comparison and interrelationship with other

technologies, and product development and marketing opportunities.

The energy technologies include: gaseous and liquid fuels from coal, oil shale

retorting, fusion, fission, solar electricity, including solar thermal and photovol-

taics; wind, ocean thermal, and geothermal energy, and magnetohydrodynamics.

Faculty Ray Kasevich

Coordinator: Principal Scientist

Advanced Development Laboratory

Raytheon Company



Civil Engineering

and Building Technology

01 .700 Introduction to Design-Build Construction Techniques

Modern principles of cost management, productivity, quality control, and market-

ing are no less important to the construction industry today than they are to other

major industries. By actively employing these principles, design-build companies

have increased their sales volume during a depressed construction period, vc'hile

"bid" contractors have suffered losses. At present, the majority of private industry

and developers are operating exclusively on the basisof the design-build concept.

By developing a familiarity with all aspects of the design-build concept, from

project conception to completion, and the techniques used, this course is in-

tended to aid: small contractors in increasing sales volume; large contractors in

levelling out the uneven business inputs of traditional "bid" work; architects and

engineers in increasing their project participation; and entrepreneurs in achieving

new goals. The course is designed also to be of value to industrial plant managers

and decision makers who must deal with the design-build approach.

Among the topics covered, the importance of financial forecasting as a sales

tool and the critical aspects of design review, budget control, and scheduling are

stressed. Actual case studies will be coordinated and discussed in combination

with the material presented. Participants will be encouraged to prepare

experience-related case studies for class discussion. Experts in the field will pre-

sent lectures and discussions on selected topics.

Course Content Introduction to design-build construction techniques; methods

of contact development; making effective sales calls; data gathering; conceptual

estimating theory; introduction to specifications and proposal writing; effective

proposal presentation and follow-up; financial forecasting and the proforma; de-

sign review; budget control; and scheduling.

Faculty: Anthony J. Branca, P. E.

Construction Consultant

Robert Zuckerman

Sales Representative

Dunn & Bradstreet

Richard Ruggiero

Sales Executive

Carlson Corp.

Leeland Goldberg

Financial Consultant
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01 .731 Concrete and Aggregate Technology

Techniques used to specify, prepare, apply, and test concrete are presented. The

interaction between ingredients of plain concrete, including additives, and the

achievement of economical, strong, safe mixtures, properly placed and cured, is

discussed. The program is intended for engineers and technicians employed by

engineering and architectural firms, contractors, public utilities, city and state

agencies, and materials suppliers. This course is cosponsored by the Massachu-

setts Concrete Industries Board and the New England Section of the American

Concrete Institute.

Course Content Fundamentals of concrete: kinds, uses, properties, require-

ments. Inspection: importance, equipment, reading of plans and specifications

responsibility. Cement: types, sampling, storing and handling, batching. Aggre-

gates: typical tests, aggregate production, specifications, undesirable characteris-

tics. Control of proportions: field control of quality, mix proportions, methods of

specifying mixes. Other materials: water, admixtures, embedded items, curing

aids, joint compounds. Preparation for concreting: forms, placing reinforcement,

embedding fixtures, special equipment, weather precautions. Concrete place-

ment: working conditions, batching, mixing, finishing, curing, conveying, vibrat-

ing. Field testing: sampling, tests of fresh concrete, destructive and nondestructive

testing, evaluation of test results. Special problems:<cold weather, shotcrete, gu-

nite, coloring, lightweight, heavyweight. Faulty concrete: failure to set, lack of

strength, excess shrinkage, harsh mixes, bleeding. Laboratory session: demonstra-

tion of equipment at a local laboratory, grading of aggregates, typical materials.

Faculty: Mr. Russell F. Geisser

President

R. F. Geisser & Associates, Inc.

09.738 Design of Heating, Ventilating, and Air-Conditioning Systems
The proposed National Energy Plan requires not only energy efficient design for

new construction, but also a thorough reevaluation of existing residential and

commercial buildings with the objective of reducing energy losses. This course

adopts a practical approach to meeting the needs of HVAC draftsmen and de-

signers, mechanics, maintenance personnel, and contractors in the heating, ven-

tilating, and air-conditioning field. Both new system design and retrofit analysis

are covered in the course and the most modern methods are emphasized.

The course provides participants with the opportunity to gain basic knowl-

edge of: heat losses; heating design for hot water, steam, and warm air duct heat-

ing; and air-conditioning systems for residential and public buildings. Aspects of

the above that are relevant to solar-driven designs are also presented. Firsthand

experience with system components and the application of principles learned in

classroom discussions are provided through field trips to local facilities. The most

recent text materials are included in the course tuition.
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Course Content Principles of heat transfer. Calculation of heating loads for

buildings. Heat transmission coefficients. Basic hydraulics. Design of hot water

baseboard systems. Principles of steam heating. Plumbing design and economy.

Field trips to local manufacturing facilities. Equipment selection. Design of com-

plete ductwork systems. Electric building services design. Basic design of heat

pumps. Estimating material and labor costs. Air-conditioning load estimating and

design. How to troubleshoot problem jobs. Gas and oil piping. HVAC aspects of

Massachusetts Building Code. Retrofitting and energy conservation legislation.

Solar HVAC design.

Faculty: Timothy J. O'Leary

President

Contract Construction Consultants Company

Guest Lecturers
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The Center for Continuing Education

The Center for Continuing Education was established in 1960 to relate the Univer-

sity to various, unmet educational needs of the community in a period of acceler-

ated change. Various programs of the Center cater to the educational needs of

professional people who seek a supplementary learning experience and who, in

many instances, bring a personal background of knowledge and experience to

share with others.

Each department of the Center develops special learning opportunities that

focus on the factors which produce changes in society. A major objective is to aid

individuals in reacting constructively to their shifting environments and in par-

ticipating effectively as informed persons in their professions, helping to shape the

future. Activities of the Center have stimulated widespread interest, so that several

of its programs have received grant support and have served as models for de-

veloping similar continuing educational programs elsewhere.

Programs in continuing education are conducted at several campuses of the

University, at selected public education facilities, in the private facilities of busi-

ness and industrial organizations, at community centers and government agen-

cies, and at Henderson House, the University's residential conference center in

Weston, Massachusetts.

Persons prominent in their professions, University faculty, and faculty of

nearby educational institutions serve as instructors and resource persons in im-

plementing the Center's programs. Their activities are coordinated by an innova-

tive, full-time staff.

This staff works to identify unmet community needs for continuing educa-

tion, anticipate the trends that stimulate new educational needs, enlist the support

of experts for structuring appropriate learning experiences, counsel students, and

implement and evaluate programs offered.

Approximately 3,500 part-time students and 300 part-time instructors par-

ticipate annually in the Center's programs.
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